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PREFACE 
This document is a technical paper intended to provide guidance on how to perform 

terrestrial field studies. those studies designed to address the potential adverse effects of 
proposed pesticide use(s) to nontarget ~di.if~ These studies are presented as outlined in 
§ 71-5 of the Pesticide Assessment Guidelines, Subdivision E - Hazard Evaluation: 
Wildlife and Aquatic Organisms, EPA-S40/9-82-024. October 1982. Such studies 
represent Tier IV, the most complex of the terrestrial tests presented in Subdivision E. 
They arc required to suppon those pesticide uses the Agency determines are likely to 
result in adverse effects to nontarget terrestrial wildlife. Such st11dies consist of testing 
performed in the field under actual pesticide use conditions and, generally, they address 
the potential acute, subacute and/or chronic adverse effects of pesticide residues to 
nontarget marrunals and birds. The effects to birds and mammals are emphasized because 
the lower-tier Subdivision E tests usually employ these organisms, but effects to other 
tel'l)'-.~al organisms, such as amphibians and reptiles are also examined and considered. 
Terresttial field studies, as discussed in this paper. are typically mulciyear/multisite 
studies and consist of two levels of tests: a level 1 or screening study, which essentially 
determines if advene impacts occur to nontaqet wildlife under actual pesticide use 
conditions and a level 2 or definitive study. that quantijiis those adverse effects identified 
in the screening study or from other information. Also. the Agency requires that these 
tests be performed only with nonendangered organisms and only in areas where impacts 
to endangered or threatened species will not occur. 

As an amplif'ication of § 71-S Subdivision E, this paper discusses a variety of basic 
biological reseait:h techniques and wildlife investigative methods for use in assessing the 
effects of pesticides in the field. These methods and techniques are not new. for the 
majority of them have been used by wildlife biologists. fisheries biologists and game 
managers for decades. They are presented here, along with adequate references. in order 
to assist scientists planning to LDldenake terrestrial field studies. This document is 
intended to provide guidance (it is not a cookbook or checklist) and will be updated by 
the Agency as the state of the an for perfonning these studies advances. 
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INTRODUCTION 

Data from full scale terresttial field studies are required by 40 CFR 1S8.14S on a case­
by-case basis to suppon the registration of an end-use product intended for outdoor 
application. Because these studies are complex and costly. the Agency requires these tests 
to evaluate only those produetS that appear to pose significant risks to nontarget wildlife. 

Laboratory tests genenlly are amenable to a high degree of standardization. In 
contrast, field study protocols must retain a high degree of flexibility. Variables such as 
chemical mode of action, use pattem, crop type, method of application and species density 
and diversity make standardization difficult in field studies. Therefore, Subdivision E. 
Hazard Evaluation: WUdlife and Aquatic Organisms, of the Pesticide Assessment 
Guidelines (EPA, 1982) provides only a general outline for field studies. Specific 
protocols must be developed as needed and submitted to the Agency for review. 
Regardless of the variability among field studies, several key elementS common to most 
field studies can be identified. This guidance document was prepared to identify and 
discuss these elements as they penain to tenestrial vertebrates, and to provide a better 
understanding of the purpose of field studies. 

WHEN REQUIRED 

The Federal Insecticide, Fungicide, and Rodenticide Act, as amended (FIFRA, P.L 
92-S16), specifies that for a product to be registered or for continued registration, EPA 
must determine that it will not cause unreasonable adverse effects on the environment. 
The law funher states that the Agency must specify what data are necessary to make this 
determination, but acquiring that data is the responsibility of those requesting registration 
or continued registration. 

For nontarget wildlife species (i.e.. terrestri'-1 Y~?!.ebrates with emphasis on birds and 
mammals), the Agency requires a series ol tests that are arranged in a hierarchical or tier 
system. progressing from basic laboratory tests to applied field studies. This tier system. 
detailed in Subdivision E of the Pesticide Assessment Guidelines (EPA, 1982), provides a 
means to identify materials that may pose an inordinate risk. and at the same time ensures 
that the process docs not irresponsibly limit use of safe materials. Typically, the initial 
screen consists of a comparison of results from three avian laboratory toxicity tests (an 
acute oral LD511 and two dietary LC,a studies) and one mammalian toxicity test (an acute 
rat oral LDso) with estimated environmental concentrations (EECs). In addition. when 
labeling contains directions for using the material under conditions where wild 
vertebrates may be subject to repeated or continuous exposure to the pesticide, when the 
material is stable in the environment. or when the material is stored or accumulated in 
plant or animal tissues. data on avian reproductive effects are required and mammalian 
reproduction dara (from rodent or other mammalian test species) are examined. If 
environmental concentrations on wildlife food items are at or below t~ threshold levels 
eliciting a biological response in the avian or mammalian laboratory srudies. usually it is 
assumed that the probability of seriously impacting nontarget species is low. However, 
for those materials where environmental concenrrations oceed rhe lowest-effect level 
eliciting a biological response, field studies usually are considered. 

In assessing the need for field studies for those chemicals whose EECs exceed the 
lowest-effect level (LEL), a great deal of judgment is required. Several factors, or 
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appropriate combinations of these factoIS, need to be considered in addition to the basic 
laboratory data and EECs. These include: 

- The chemical properties of the pesticide (e.g., persistence, conversion to 
toxic metabolites, retention OD food, repellency); 

- Intended use panem (e.g .• treated habitats, expected presence of species, 
including endangered species, extent of use areas, number of applications 
and treatment inteivals); 

- Margin between EEC and the LEL; 

- Dose/response relationships noted in labomtory tests, including slope of 
dose-response line. time of monality or reproductive effects, signs of 
intoxication and abnonnal behavior, and gross pathological changes as 
noted in gross necropsies. 

When the margin between the exposure level and the lowest-effect level is small the 
likelihood of a decision by the Agency to require an actual field study is small. The 
other factors mentioned above are seriously considered in this situation where more 
judsment is needed. Conversely, when the margin between the exposure level and the 
toxicological effect level is great and begins to approach, for example, the LC,.,. then the 
likelihood of a decision by the Agency to require an actual field study is great. However. 
the final determination of whether a field study will be required is based OD the weight of 
evidence. factoring in all pertinent information. An in-depth discussion of how the 
Agency determines when terresUial field studies are required is in Appendix E. 

OBJECTIVE OF FIELD STUDIES 

The purpose of the field study is to either refute the assumption that risks to wildlife 
will occur under conditions of actual use of the pesticide and/or to provide some quantifi­
cation of the risk: dw may occur. The purpose is twofold because the FIFRA requirement 
to determine unreasonable advene effects implies the need for a risk-benefit analysis. 
Thus if the assumption of risk cannot be refuted, and in order to refine the risk-benefit 
analysis, field studies should quantify the adverse effects that would occur from actual use 
of the pesticide. 

A study designed to refute hazard is unusual in biological research. Typically. an 
investigator is mme concerned about concluding wich a high degree of confidence that an 
effect occurred, not that il failed to occur. FIFRA specifies that a pesticide is to be regis­
tered only if EPA determines it will not cause unreasonable adverse effects. While the 
difference between an objective of "will cause" and "will not cause" may seem trivial, it 
substantially influences study design and the evaluation of data. 

The adverse effects to wildlife that can result from the use of pesticides can be 
classified as those that affect populations of wildlife and those that affect individuals but 
not the entiM population. Either of these effects may warrant regulatory action, including 
cancellation or suspension. An advene effect that results in a :reduction in local. regional, 
or national populations of wildlife species is clearly of great concem. A pesticide that 
can repeatedly or frequently kill wildlife is also of concern even if these repeated kills 
may or may not affect long-term populations. The terrestrial field study, accordingly, 
must be designed to adequately assess both of these types of effects. In most cases, 
however. the assessment of population effects presents the greatest difficulties, and a 
study adequate to assess this effect will also assess the degree of risk to individual 
wildlife. Consequently, throughout this Guidance Document the primary emphasis is on 
designing a study to assess the risk of a population effect; the study. however, must also 
be adequate to address the risks to individual organisms. 

2 



]'ERRESTRIAL FIELD STUDIES Fite. Tumer, CooJc and Stunkard 

The field study must be designed to provide data that show whether wildlife species 
will not be affected significantly by a pesticide under nonnal pesticide use practices. To 
fully achieve this objective at the population level. one must have detailed knowledge of 
the population dynamics and varying environmental conditions for each species potentially 
at risk. The theoretical aspects of population dynamics are well documented in the litera­
ture. However, empirical data an, available for only a few species (Eberhudt, 1985). A 
study designed to provide the needed data would include information on age structure, 
age-specific SUlVival and reproductive rates, and the nature and form of intrinsic and 
exttinsic regulatory mechanisms. Such a study, when coupled with the influence of 
pesticide application on these parameters, would require several, if not many years in 
order to begin to give meaningful results. The cost of obtaining such data could make 
these studies impractical. if not impossible. 

The essential question then is: How can these studies be performed in a practical, 
economical rrwmer and still provide data thai can show that the pesticide under study will 
not reduce or limit wildlife populations or repeatedly kill wildlife? 

One can begin to answer the question by examining the potential influence pesticides 
can have on wildlife. These effects include: 

- Dilect poisoning and death by ingestion, dermal exposure, and/or 
inhalation; 

- Sublethal toxic effects indirectly causing death by reducing resistance to 
other environmental stresses such as diseases. weather. or predators: 

- Altered behavior such as abandonment of nests or young, change in 
parental care, or reduction in food consumption; 

- Reduced food resoW"Ces or alteration of habitat; or 

- Lowered productivity through fewer eggs laid, reduced litter size, or 
reduced fertility. 

These effects can manifest themselves in a population through reduced survival and/or 
lower reproductive success. However, if a field study shows that actual use of a pesticide 
does not affect survival and/or reproductive success or that only minor changes occur, it 
would seem reasonable to conclude that the use of the chemical will not significantly 
impact wildlife. Funher, if a field study provides estimates on lhe magnitude of survival 
and reproductive effects, one can make reasonable projections on the meaning of the 
effects to nontarget populations by using available information on the species of concern 
and basic theories of population dynamics. While less than ideal, field studies that collect 
information on survival and reproductive effects and use these daia to address population 
parameters should provide a reasonable basis for evaluating potential impacts. This is not 
to imply that effects on populations are the only concem. however, as indicated 

Previously, a study adequate to assess these effect will also assess the degree of risk to 
mdividual wildlife. 

This document emphasizes avian and mammalian wildlife. The Agency is also 
concerned about other terrestrial organisms such as nomarget plants, invenebrates, 
amphibians, and reptiles. Plants and invertebrates are excluded here from direct study. 
except as sources of food or ~ticides to wildlife. Testing P.delines for nomarget plants 
and insects are in Subdivisions J and L. respectively. Established protocols. especially for 
acute and chronic toxicity testing. are available for birds and mammals. but not for 
reptiles and amphibians. Further. the Agency assumes that "protection" for reptiles and 
amphibians is provided through the risk assessment process for birds and mammals. 
Occasionally, however, it may be necessary to adapt these field techniques to apply 
specifically to reptiles and/or amphibians. 

3 



INTRODUCTION 

GENERAL APPROACH 

Field studies required to suppon registration have evolved into two types. screening 
and definitive. The type(s) of study(ies) required depends on the available data on the 
chemical in question. H the available information is limited to laboratory toxicity data on 
a limited number of species. coupled with EECs. a screening field study may be 
appropriate, with the objectives of detennining if impacts are occurring and, if so, to what 
species. If a screening study indicates impacts are occurring, or if other available data 
suggest that deleterious effects have occurred or are extremely likely, the study design 
should be ctuantitative, evaluating the magnitude of the impacts in a definitive study. For 
some chemicals it may be appropriate to proceed directly to a definitive study without the 
screening phase. Careful consideration needs to be given to the likelihood of impacts 
occurring in order to detennine which approach to use. In some instances, where there is 
insufficient infonnation to indicate which species are at risk: in the field but available data 
strongly suggest adverse effects will occur. it may be appropriate for a field study to 
begin with the general approach of a screening srudy, followed by a quantitative phase 
that focuses on the species affected in the screening phase. In cenain instances there may 
be sufficient data and infonnation for the Agency to decide additional testing including 
field testing is not necessary prior to a regulatory action. 

The design of field studies differs between the screening study and the definitive snidy. 
If the objective of the study is to determine if impacts are occurring, "pass-fail" methods 
can evaluate whether or not animals are being stressed by the application. These methods 
may include carcass searching. residue analysis of species collected on study plors. residue 
analyses of wildlife food sources found in and adjacent to the area of application. 
behavioral observations. and enzyme analysis. At the quantitative level (definitive study). 
the objectives should include estimating the magnitude of acute or secondary monality 
caused by the application. the existence and extent of reproductive effects. and the 
influence of pesticide use on the survival of species of concern. Methods that can be 
used to address these objectives include marlc-recapture, radio telemetry. line transect 
sampling. nest monitoring. territory mapping, and measuring young to adult ratios. 

SAMPLING AND EXPERIMENTAL DESIGN 

While examples of acceptable experimental designs are given. it is beyond the purpose 
of this paper to cover the fundamentals of this topic. Appendix A lists several general 
and specific references that can provide an in-depth review of this subject. Appendix B 
provides a general outline for a field snidy protoeol to be submitted to the Agency for 
review. The following sections generally outline points to be considered in designing 
screening and definitive field studies. As stated in the introduction. specific protocols 
must be developed on a case-by-case basis and submitted to the Agency for review. 

4 



SCREENING STUDY 

OBJECTIVE AND SCOPE 

The screening study is designed primarily to demonstrate that the hazard suggested by 
lower tier laboratory or pen studies does not exist under actual use conditions. The 
interpretations of screening study results. in most cases, are limited to "effect" versus "no 
effect" determinations. If the study indicates that the pesticide has caused little or no 
detectable adverse effect, it may be reasonable to conclude that potential advezse effects 
are minor. However, when effects are demonstrated. it may be necessary to determine the 
magnitude of the effects. thus requiring additional testing if pesticide registration or 
continued regisaation is still desired. Therefore. when infonnation already available 
shows that a product has caused adverse effects under normal use conditions, the 
screening study may be of limited value. In addition, where analysis of laboratory or 
other data strongly suggest that adverse effects are likely to occur, and are unlikely to be 
attenuated by field use conditions, it may be appropriate to proceed directly to a definitive 
field study. 

In general, the screening study is limited to addressing the potential for acute toxic 
effects, such as direct poisoning and death. and sublethal toxic effects pocentially affecting 
behavior and/or survival. In most instanees. the screening study would not address 
chronic effects, such as reduced reproduction. or effects such as changes in density or 
diversity of populations. 

In addition, further laboratory and/or pen studies may be useful prior to proceeding to 
the field, or may be necessary to interpret results of the field study. For example, 
additional toxicity data on species that are expected to be exposed from the proposed use 
pattern may indicate which species are more susceptible to the pesticide. allowing the 
study to be designed to monitor those species in greater depth as well as to provide 
insight into field results that show some species were affected more than others. Under 
such circumstances. additional laboratory srudies may be unavoidable. If residue concen­
trations in resident species are being used to indicate potential problems, the relationship 
between tissue levels and the dose(s) that cause(s) adverse effects must be estimated. If 
secondary poisoning is of concern. feeding secondary consumers (held in captivity) prey 
items collected in the field following the application can be useful to evaluate this 
potential exposure mute. Also, laboratory toxicity tests for secondary consumers coupled 
with residue analysis of prey items can indicate the potential for secondary poisoning of 
nontarget species. In designing field studies. the utility of laboratory and/or pen tests 
should not be neglected, and where appropriate their use is encouraged. 

GEOORAPmC AREA SELECTION 

The selection of geographical areas for evaluating pesticide impacts on wildlife can be 
difflcult puticularly for pesticides to be used on crops grown over large and diverse areas. 
Ideally, studies should be pmfmmed in each biogeographic area where the pesticide could 
be used. While this approach may be practical for uses resai.cted to localized areas and 
conditions. many uses (e. g., com, soybeans, alfalfa) would require an inordinate number 
of studies in different geographic areas, due to the diversity and variability in wildlife 
species and habitats involved. To keep the number of geographic areas at a manageable 
level while still accomplishing the purpose of the field study, geographical area selection 
should be biased toward situations likely to present the greatest risk. If hazards appear to 
be low under these conditions, it can be reasonably concluded that impacts under less 
severe conditions would be minor. 

A careful review of the species and habitats in the various geographical areas where 
the pesticide could be used is necessary to identify the areas of highest concern. A sound 
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SCREENING snmv 
understanding of the biology of rhe species that are found in association with the potential 
use sites is essential. Identifying these areas may require an extensive literature review 
and consultation with expens familiar with the areas and species of concem. The study 
area selected should be frequented by those species that would have high exposure, based 
on their feeding or other behavioral aspects. If exposwe and fate (e.g., degradation) pa­
rameters vary geographically, study area selection also should be biased towards 
maximizing residues available to wildlife. In some circumstanees preliminary monitoring 
of candidate areas may be necessary to determine which should be selected for detailed 
srudy. 

STUDY SITE SELECTION 

Selection of study sites within each geographic area also is extremely imponant in 
designing field studies. Ideally. study sites should be randomly selected throughout the 
srudy area. 1bis approach may be practical for some areas such as rangeland or large 
contiguous crops. However, due to the diversity and variability in wildlife species and 
habitats in most areas, random seleaion would require a large number of sites to provide 
a representative sample. The cost and time requirements of such studies would be 
unreasonable. To maximize the hazard, the sites selected should have associated species 
that would be at highest risk from the application, as well as a good diversity of species 
to serve as indicators for other species not present at lhat specific location. In addition. 
the choice of study sites that are as similar as possible in terms of abundance, diversity, 
and associated habiw will faciliwe an analysis of the results. 

Under some cin:umstances, it may be difficult to decide beforehand which species are 
likely to be at highest risk In m0st cases, field surveys of a number of sites may be 
needed to identify which sites should be selected for detailed study. Even when high risk 
species can be identified, preliminary surveys may be needed to detennine which sites 
have adequate numbers of the high risk species as well as a good diversity of other 
species. 

In general, study sites should be selected from what is considered to be a "typical" 
application area. but at the same time. smdy sites should contain the widest possible 
diversity and density of wildlife species. Identifying potential study sites may require 
consultation with expens familiar with the areas where studies are proposed and, as 
indicated above, preliminary sampling. 

In the initial evalUation of potential study sites, "edge effect" may indicate which sites 
suppon the larger and more varied wildlife populations. As swed by Aldo Leo~ld 
(1933), "The potential density of game of low radius requiring two or more types is, 
within ordinary limits, proportional to the sum of the type peripheries." If study sites are 
selected to maximize "edge effea" the potential for high density and diversity should be 
increased. One quantitative meamre of edge and "edge effect" (Giles, 1978) is the 
distances around individual pJam communities in relation to the unit an,a of the 
community. Population densities, in general, are positively related to the number of feet 
of edge per w1il area of community. Study sites chosen to maximize the ratio of edge to 
core may serve to indkate sites with higher densities and diversities of wildlife species. 

While this ratio can be helpful in selecting study sites, the other characteristics of edge 
should not be neglected in screening potential study sites. Density and diversity of wild­
life species are also influenced by the variety in the composition and arrangement of the 
edge component cover typeS and its width. Also, the inteispenion, the plant typeS and 
their association with one anodler, influences densities of wildlife species. The "edge 
effect" is the sum of all the characteristics of edge and hence each compment needs to be 

1 Type • The Yartom segments of an animal's envtromnent used lor food, awer. or other ivqulrem1111ts. 
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considered. An agricukural field with a relative high edge to core ratio may not have as 
high a density and diversity as one with a lower ratio but greater variety. width and 
interspersion. In general. edge characteristics can be used to screen potential study sites; 
however. preli.minary sampling of prospective study sites will be needed to identify study 
sites with adeqwue density and diversity of wildlife species. 

NUMBER OF SITES 

The number of sites needed can be estimated using the binomial theorem. Briefly, the 
rationale is that for each study site there are two possible outcomes. either "effect" or "no 
effect." Trials of this type are known as binomial trials and when repeated the results 
will approximate a binomial disaibution. In this case. to use the binomial theorem. one 
must first define the expected probabilities that buds or mammals on a site are affected or 
not affected. Then the probability of the discrete binomial random variable x for n 
replications can be used to determine the minimum number of sites at a certain level of 
significance. 

As an example for discussion purposes. we will define that a problem exists if some 
specific monality rate or level of some other variable OCCUJS on more than 20 percent of 
the potential application sites. Translated into binomial probabilities, there is a 0.2 
probability of a site showing an effect and a 0.8 probability of a site not showing an 
effect. Therefore. if die results from the field trial show that the number of sites affected 
is significantly lower than .2n, it can be concluded that potential impacts will be below 
the stated level of concern. 

To calculate the minimum number of sites necessary to show a significant difference 
between the observed and expected, the following formula for the probability of the 
binomial random variable x can be used (Walpole and Myen. 1972): 

Where, 

P(x) = ( ! ) p"q•• 

x = nwnber of sites showing effects 

n = number of sites 

p = probability of a site showing an effect 

q = probability of a site not showing an effect 

Then. solving for n. when x = O. i.e .• 

P(x=O) = ( O ) q• 

Let P(x=O) = a. then 

a=q• 

log a=n log q 
n = log a+ log q 

Using this formula. the minimum number of sites can be determined. Continuing with 
the discussion example of 20 percent occurrence of an effect as a level of concern (i.e .• a 
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0.2 probability of an affected site, a 0.8 probability of a noneffected site, and a 0.05 level 
of significance), n would be: 

n = log 0.05 + log 0.8 

n = 13.43 

Therefore, 14 is the minimum number of sites needed such that the probability is not 
greater than .05 that all sites surveyed would be unaffected. Or, in other words. if 20 
percent of the application sites are actually affected, there is only a 5 percent chance of 
finding all 14 sites unaffected when n = 14. Moreover, if 20 percent of the application 
sites are actually affected, we expect to find 1, 2, 3, and 4 sites affected with probabilities 
of 0.15, 0.25, 0.25. and 0.17, respectively, when n = 14. 

Under many circumstances, conducting this number of replications may not be 
practical. However, as indicated previously. if site selection is biased toward hazard. the 
number of sites can be reduced. While arguable, it seems logical that if the "worst" cases 
are sampled, a less stringent level of significance could be accepted. While this must be 
determined on a case-by-case basis, the Agency believes a minimum acceptable level of 
significance under wom case conditions is 0.2 rather than 0.05 lOlder "average" or 
"normal" use conditions. At this level, eight sites showing no effect would be required to 
conclude at the 0.2 level of significance that the effect occmred on less than 20 percent 
of the application sites; or there is less than a 20 percent chance that all eight sites will 
be judged unaffected when n = 8 sites. Under some circumstances, this may not seem 
adequately protective. It should be noted, however. that based on th.is same design. it 
could be concluded that. at the 0.1 level of significance. effects are occurring on less than 
30 percent of the application sites, and at the 0.05 level of significance, effects are 
occuning on less than 40 percent of the application sites. Hence, with eight sites, it 
could be concluded with a relatively high degree of confidence that effects would occur 
on less than 40 percent of the application sites. Also, because worst-case study sites were 
used the Agency could have additional confidence that adverse effeas would occur on 
less than 20 percent of all normal application sites. 

However. under some circumstances. particularly if endangered species could be 
exposed from the proposed use. additional replication may be desirable. Under these 
conditions a high degree of confidence that an effect was a rare occurrence would be 
required.2 

The above calculations are for when x is equal to zero, no effects are observed on any 
site. A similar approach can be used to estimate the number of sites necessary to show a 
significant result for a critical. value of x greater than zero. Again the formula for the 
probability of the binomial. random variable can be used summing the probabilities of x 
and all outcomes less than x. Then by using increasing values of n. the number of 
replications =iuired to show statistical significance may be determined for a given level 
of significance for individual x values. That is: 

P(X Sr)= l':.o (~) p-q' .. 

2 Undar no arcumstancm should field studM& on pestiades be conductad In arus where endangered speda 
could be expmed. 
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The minimum value of n occurs when 

P(X S r) = ex level 

Continuing the previous example. Table 1 gives the results for x s 1 and x s 2 for the 
previously defined acceptable occmrence level of effect (ie.. a 0.2 probability of an 
affected site. a 0.8 probability of nonaffected site). From the table, the minimum number 
of sites needed when the critical value for x is set at 1, to conclude that (at a 0.2 level of 
significance) effects are occurring below levels of concern is 14. If x s 2, 21 are needed 
in order to have an equivalent criterion. As can be seen, as x (the number of sites with 
effects) increases, the number of sites required to show a statistical significance becomes 
inordinately large. 

Table 1. 

Probabilities for binomial random variable with p equal to .2 for x s 1 and x ~ 2 as a 
fwtction of the number of sites (N). 

N P (x s 1) P (x s 2) 

8 0.5033 0.7969 
9 0.4362 0.7382 

10 0.3758 0.6778 
11 0.3321 0.6174 

12 0.2749 0.5583 
13 0.2336 0.5017 

14 0.1979 0.4481 
15 0.1671 0.3980 

16 0.1407 0.3S18 
17 0.1182 0.3096 

18 0.0991 0.2713 
19 0.0827 0.2369 

20 0.0692 0.2061 
21 0.0S16 0.1787 

When the probability of an affected site is 0.2, application of the rule of "zero 
observed affected sites" results in a declaration of "no effect" 16.8 and 13.4 percent of the 
time for samples- of size 8 and 9, respectively. It also results in a declaration of "no 
effect" 43.1 and 38.7 percent of the time for samples of size 8 and 9, respectively, when 
the probability of an affected site is 0.1, a value less than the criterion probability. 

Under any condition. it is extremely imponant with the binomial approach to define the 
critical or threshold level for an eff~ and to be sure that the methods used are sensitive 
enough to detect an effect should one occur. These assessments depend upon the species 
potentially at risk as well as the parameter being sampled. It should be noted that the 
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meas~ of effect is not limited to monality. Other parameters, such as residue or 
enzyme levels, can be used. Whatever parameter(s) is (are) used, defining the criteria 
level for an effect is extremely important, and when designing studies this issue should be 
considered carefully. 

Using this approach, control (:reference) sites are not an absolute necessity. While the 
Agency encourages their use, in some cases the additional information gained from the 
control sites for a screening study may not justify the additional eff'on required. In most 
instances, control sites would serve to protect from erroneously attributing effects due to 
other causes to the pesticide. However. for most chemicals, this can be avoided by 
employing methods, such as residue analysis and/or cholinesterase inhibition tests, that 
can be used to indicate if the pesticide contributed to the observed effect. Further, studies 
have shown that it is a relatively rare event to locate dead or sick animals in the wild 
except under unusual conditions (Heinz et al., 1979). Thus it is unlikely to find dead 
animals that were killed by something other than the pesticide being tested. 

Nevenheless, in some instances, particularly when reliable methods to confinn the 
cause of effect are not available, controls may be necessary. In these cases the above 
binomial design can be modified to a paired plot binomial design, with a treaunent plot 
and a comparable control plot for each study site within an area. Then, as above, when 
critical levels of effect and occurrence are defined, the binomial theorem can be used for 
sample size determination, which gives eight site pairs (16 paired plots) showing less than 
a defined difference between plots to conclude at the 0.2 level of significance that the 
effect occurred on less than 20 percent of the application sites. Alternatively, a 
quantitative difference or, preferably, ratio of treated to control responses could be used to 
test for a acaunem effect on each of the measured response variables. (1bis is discussed 
further in the section on experimental design for definitive studies. page 19.) 

SIZE OF STUDY SITES 

Study sites must be large enough to provide adequate samples. The size is dependent 
on the methods used, the sensitivity required, and the density and diversity of species and 
their ranges. In some cases, particularly with slow-acting poisons or where species at 
high risk have relatively large home ranges, areas several times larger than the treaanent 
area may need to be examined. In some circumstances. several fields in an area may be 
included in a single study sile to accomt for wide-ranging species or lower densities. 
Except in the unusual circunmance where "fields" are extremely large (e.g., forested and 
range areas). the study site should never be less than an individual field and the 
surrounding area. The nature of die SUITOUnding area is discussed funher under individual 
methods. Another consideration is the distance between study sites. In general, sites 
should be separated adequately to ensure independence. which is dependent mainly on the 
range of the species tha1 could be expose4. 

CHEMICAL APPLICATION 

In planning field -studies consideration should be given to application rates and 
methods. In general, the test conditions should resemble the conditions likely to be 
encountered under actual use of the product. In most instances the pesticide should be 
applied al maximum use rates and frequencies specified on the label. 

If more than one application method is specified on the label, the method that 
maximizes exposure of nontarget species should be used. This evaluation should relate 
wildlife utilization of the area to exposure. For example, if the crop is one that is used 
by avian species u preferred nesting areu, feeding areu, or cover, then ground 
application may be the method that maximizes exposure. However, if it is a crop with 
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low utilization by wildlife species, but with high utilization of its edges, aerial application 
where drift could increase exposure may be more appropriate. In any case, the method of 
application used must be consistent with the label. 

In addition, the equipment used may influence potential exposure of nomarget species. 
There is a diversity of types of farming equipment that, depending on the particular use 
pattern involved, could influence exposure. For example, for pesticides applied in-furrow 
at planting there are several types of covering devices employed on seeders, such as drag 
chains, drag bars, scraper blades, steel presswheels, etc .• in which the efficiency may vary 
for covering the pesticide. In general, one must evaluate the various equipment normally 
used for the particular pesticide application to estimate the potential influence of equip­
ment choice on exposure. In some instances. preliminary tests may be required to 
estimate which method and equipment poses the highest exposure. 

METHODS 

This section provides a general outline of methods appropriate for use in a screening 
field study and indicates some of their limitations. The methods described have been 
found to be most useful. However, we emphasize that a screening study is not limited to 
these methods. If other methods are more appropriate, their use is encouraged. Because 
procedures should be adapted to specific siruations, the outlines presented should not be 
Interpreted as strict protocols. Nonnally, different methods will be combined to evaluate 
potential impacts. Due to the indefinite number of variables and the unpredictability of 
wild animals, even normally reliable procedures can sometimes prove inadequate. 

&sentially, the methods used in a screening study address exposure by monitoring 
oven signs of toxicity such as monality or behavioral modifications. or through evaluating 
parameters that indicate animals are under stress, such as residue concentrations in tissues 
or degree of enzyme inhibition. Measurements of density and diversity of species are 
needed to aid in evaluating the results. The following methods can be useful for 
screening studies. 

Carcass Searches 

Searching for dead or moribund wildlife has been a basic method used in field srudies 
to evaluate the impact of pesticides on nontarget species. Carcass searches can roughly 
indicate the magnitude of iills when adequate areas are searched and the reliability o£ the 
search is documented. This latter point is extremely imponant. Rosene and Lay (1963) 
indicated that finding even a few dead animals suggests that there has been considerable 
monality; failure to find cucasses is poor evidence that no monality has occurred. The 
reliability of the search is based upon the pen::entage of carcasses recovered by searchers 
and the rate of disappearance. By knowing the reliability, the meaning of the failure to 
find carcasses can be assessed and the extent of the kill estimated. 

Finding dead animals is seldom easy, even if every animal on a site is killed. For 
example, three breeding pairs of small birds per acre is considered a large population 
(Heinz et al.; 1979), and under average cover conditions, a small bird is difficult to 
detect. Small mammals may be more abundant but, due to their typically secretive habits. 
they are more likely to die under cover and be even more difficult to find than birds. 
Carcass searching specifically for mammals should be attempted only when cover 
conditions permit a reasonable search efficiency. However, any venebrate carcasses found 
should be collected. even if the search is oriented primarily to one taxon. 

Because the results may be biased by scavenging and failure to find· carcasses, the 
sensitivity of this procedure should be determined. Under conditions of heavy cover 
and/or high scavenger removal, other methods may be more appropriate. 
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There are no standan:l procedures for carcass searches. Appendix C outlines practices 
that have been used typically and should be considered in designing searches. 

Radio Telemetry 

Radio telemetry has been found to be extremely useful for monitoring mortality and 
other impacts caused by pesticide exposure of wildlife. Advances in miniaturizing elec­
tronic equipment over the last 15 years have made it feasible to track most venebrate 
animals. Transmitters have been developed rhat weigh a few grams and have been used 
to track species as small as mice. Cochran's (1980) excellent sununary of this technique 
provides additional details. 

Radio telemetry has rhe advantages of providing information on rhe fate of individual 
animals following a pesticide application and of faciliwing carcass recovery for 
determining the cause of death. Although the initial cost of this technique may be more 
than for other methods. the increase in infonnation obtained under some circumstances 
can more than justify the cost. 1be method is panicularly useful with less common or 
wide-ranging species. 

In addition to mortality, radio telemetry can be used to monitor behavioral modification 
as well as physiological changes. Automatic radio-uacking systems permit continual 
swveillance of the location of animals (Cocluan, 1980), which could be used to provide 
insight into behavioral changes such as nest abandonment. desenion of young, or 
decreases in activities such as flying or feeding. Radio telemetry equipment is also 
available for the transmission of physiological data such as hean rates or brearhing rates 
(Moen, 1973). 

While this technique can provide very useful information on impacts of pesticides to 
wildlife, other points need to be considered in addition to cost. Capturing animals alive 
and unharmed requires more time, skill, and motivation than one might expect. For the 
method to be consistently successful, the investigator must be thoroughly familiar with the 
habits of the species under study and with the various capture methods that can be used. 
Even for the most experienced investigator, adequate sample sizes can be difficult to 
obtain under some conditions. 

Adequate sample size is very imponant. The binomial theorem can be used to estimate 
minimum sample size per site, if the question is limited to mortality. Briefly stated. to be 
sure rhat nontarget species are not being affected by environmental concentrations greater 
than, for example. an LC». the expected binomial probabilities would be 0.2 for monality 
and 0.8 for nonmonality. Depending on the level of significance, 8 (a= 0.2) to 14 (a= 
0.0S) individuals would need to be monitored per site (see section on "number of sites" 
for further details on these calculations). However, since the I.Cm may differ between 
species, 8 to 14 individuals would be required for each species, unless laboratory tests 
have documented relative species sensitivity. Funher comJJlications can arise if the radio­
tagged animals leave the area or if the movements of individuals limit their exposure. If 
these complications occur at relatively low rates, a few additional radio-tagged animals 
may be sufficient to overcome these problems. 

Tests of Cholinesterase Inhibition 

Measuring cholinesterase (ClE) concentrations in animal tissues has been found to be a 
very useful field technique for evaluating exposure of nontarget animals to ChE inhibiting 
chemical (Heinz et al., 1979: Hill and Aeming, 1982). These chemicals, including 
organophosphates and calbamates, affect the synaptic transmission in the cholinergic parts 
of the nervous system by binding to the active site of acetylcholinesterase (AOlE). which 
normally hydrolyzes the neurotransmitter acetylcholine. Thus, ChE inhibitors pennit ex­
cessive acetylcholine accumulation at synapses thereby inhibiting the normal cessation of 
nerve impulses (O'Brien. 1967; Coibett. 1974). 
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The depression of AChE activity, when measured and compared to controls. can 
indicate the degree to which an animal is affected. Brain ChE depression of > SO percent 
in birds has been folllld sufficient to assume that death is pesticide related (Ludke et al., 
1975); depressions of more than 70 percent are often found in dead birds poisoned by 
these chemicals (Bunyan er al., 1968a; Bunyan et al., 1968b; Shellenberger et al., 1970), 
although some individual birds with less than 50 percent inhibition may die (Ludke et al .• 
1975; Bunyan et al., 1968b). A 20 percent depression of brain OtE has been suggested 
as an indication of exposure (Ludke et al., 197S). ChE concentrations in blood can also 
be used to indicate exposure, avoiding the necessity of sacrificing the animal. However. 
blood ChE concentrations are influenced more by environmental and physiological factors 
than are brain ChE concentrations. Because CbE activity varies among species, the 
degree of depression must be based on an estimated normal value for concurrently tested 
controls of the species potentially at risk. Because of this difference between species, 
each case must be considered unique (Hill and Fleming, 1982). 

Although there are several colorimetric methods for determining ChE activity. the 
general methods are similar. Brain tissues (or blood samples) are taken and analyzed for 
OiE concentrations. Comparisons are then made between pre- and posttreatmcnt and 
between treated and untreated areas. It is imponant to ensure that "untreated" controls 
have not been exposed to any OiE inhibitors. It also should be noted that, at the present 
time. absolute enzyme levels in the literature are derived from various different, although 
similar, methods and are reponed in different ways. For example, Ludke et al. (1975) 
used a modification of the Ellman er al. (1961) method and reported results of ChE 
activity as nanomoles of acetylthiocholine iodide hydrolyzed/ minute/mg of protein. 
whereas Bunyan et al. (1968a) used their own colorimetric method (in addition to a pH 
change method) and reponed the results as micromoles of acetylcholine hydrolyzed/ 
hour/mg of protein. lberefore, without a tightly standardized method, it is necessary to 
use concurrent controls of the same species obtained from the general vicinity (but 
untreated) of the exposed buds. rather than literature values. Because of the greater 
variation in plasma ChE levels than for brain, more conttols are necessary to evaluate 
blood samples. 

Tests for ChE activity can be used to help confirm cause of death and monitor levels 
of exposure. In the latter case. S to 10 individuals of each species are collected before 
treatment and at periodic intervals following treatment. Mean inhibition of 20 percent or 
more is considered an indication of exposure to a ChE inhibitor. Confirmation of cause 
of death may be detennined by analyzing brain tissue from wildlife found dead following 
treaanent and comparing lhe activity with controls. Inhibition of 50 percem or more is 
considered strongly presumptive evidence that monality was caused by a ChE--inhibiting 
compound. The cause-effect relationship can be funher supponed by chemical analysis of 
the coments of the digestive tract or other tissues for the chemical in question. 

For this technique to provide accurate information, prompt collection and proper 
preservation of specimens are essential. ChE concentrations in tissues are influenced by 
time since death. ambient temperatures, and whether or not "reversible" ChE inhibitors are 
being investigated. Therefore, the response of postmortem brain ChE to ambient 
conditions can seriously affect diagnosis of antiChE poisoning. Samples must be 
collected shonly ffter death and frozen immediately to halt changes in tissue or enzyme­
inhibitor complexes (Hill and Fleming, 1982). 

Hill and Fleming (1982) have reviewed a technique for field monitoring and diagnosis 
of acute poisoning of avian species, discussing sample collection. sample numbers. 
preservation proced~s. and sources of error. Their publication is recommended for 
review for additional details. 
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Residue Analysis 

Residue analyses of wildlife food sources provide information about the level and 
duration of pesticide exposure. Residue analysis of animal tissues also can indicate actual 
exposure levels. H the relationship between tissue concentrations and toxic effects is 
known for the species in question, residue analyses can provide a measure of the degree 
to which the animals were affected. For this application of residue analyses though, labo­
ratory trials are necessary to establish the relationship between residue levels and toxicity. 
In addition to death, these laboratory ttia1s should include such signs as anorexia, 
asthenia, asyneQJY. or ataxia. For chemicals that are readily metabolized by venebrates, 
residue analysis may not be appropriate for diagnostic purposes. With many pesticides, it 
will be necessary to analyze also for residues of active metabolites. 

For detennining residues on wildlife food sources, the investigator should collect 
samples of insects, seeds, leafy pans of plants, etc., immediately after pesticide application 
and at periods thereafter. Samples should be analyzed for the chemical to determine 
potential exposure rate and duration. The application method needs to be considered in 
determining where to take samples. If drift is likely, samples should be taken from habi­
tats surrounding the treattnent sites as well as in the treated fields. Because analysis can 
be costly, the investigator should consider carefully the number of samples necessary to 
provide adequate data. Where feasible. samples from different locations within a site 
should not be pooled. Separate analysis of samples can provide data on the range and 
variability of exposure as well as mean levels. 

When residue analysis is used to evaluate exposure in nomarget animals, the tissues 
selected for analysis differ depending on the purpose. Heinz et al. (1979) indicated that 
residues in brains of birds and mammals can be used to detennine if death is pesticide 
related for many chemicals. Sublethal exposure. they believe, is judged better from 
residues in other tissues. Therefore, Heinz er al. (1979) propose analyses of whole body 
homogenates to quantify the body burden of a pesticide. If this is not feasible, they 
suggest analyzing muscle tissue, because muscle residues reflect body burden more nearly 
than those of any other tissue, and the amount of muscle tissue is not unduly large. For 
persistent chemicals, Heinz et al. (1979) suggest that residues in liver and fat tissues 
could be misleading for determining acute body burdens. Liver is a processing organ and 
its residue level largely represents current availability of the chemical. Residues in fat are 
greatly affected by changes in the amount of body fat, and are undependable indicators of 
body burden of the chemical. However, for some chemicals, liver, fat or other tissues 
may be good qualitative indicators that exposure did occur. In general, laboratory trials 
or data gathered in metabolism or other studies may be necessary to detennine which 
tissues can provide the most useful information. Residue analysis of eggs taken from nests 
in treanncnt areas can indicate the degree of contamination mat a treatment has caused. as 
well as possible reproductive effects of the treatment. 

Two approaches may be used to determine the number of samples to be collected. 
Frequently, residue samples will be collected to establish a mean value and confidence 
limits. To determine the number of samples necessary to collect, it is necessary to 
estimate the standard deviation and to set arbitrarily a limit from the mean value that is 
acceptable. Although-the mean value does not need to be estimated, it is also necessary 
to have some idea of the mean so mat the standard deviation can be estimated and the 
limit can be set. The formula for the number of samples, as presented by Snedecor and 
Cochran (1967), is: n = 4<1 1 + V for 9S percent probability, where a is the standard devi­
ation and L is the allowable limit around the mean. For example, if one wants to know 
the residue concentrations on vegetation within ± 10 ppm and estimates a standard 
deviation of 20 ppm. then n = 4(20)2 + (10)8 or 16 samples are required to have a 95 
percent probability that the sample mean value will be within± 10 ppm of the true mean. 

In some siruations, there may be little information useful for estimating the standard 
deviation. or the standard deviation may be rather large, thus requiring a very large 
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sample size. For some types of samples, such as residues in nontarget wildlife carcasses, 
the sample si7.e cannot be increased to permit more precision. The mean value of a 
parameter certainly has utility, but it also is very imponant to establish confidence limits 
around the mean. In general, the Agency will use the 95 percent confidence limits 
(usually the upper boundary, as in the case of residµes) in the assessment of the data 
This approach will substantially reduce the impact of outliers but will still incmporare the 
range of reasonable values into the assessment. In addition, the use of confidence limits 
reduces the necessity for taking a large number of samples. Of course, the width of the 
confidence intervals decreases with increasing sample sizes; so an investigator should take 
as large a sample as feasible. 

Since the sample size will nearly always be less than 30, the calculation of confidence 
limits should be based on Student's t~istribution. The t values are derived from tables 
available in most statistics books, and the 95 percent confidence limits are: 

i. ± (t..) (s + vn ) 
where sis the standard deviation estimated from the sample of size n. 

Alternatively, the binomial approach may be used for determining if residues, typically 
in collection of live nontarget animals. exceed a particular threshold value that indicates 
an effect. The required sample size is the same as presented for the binomial approach in 
determining the number of study sites; specifically, in the preceding example a mininmm 
of 8 samples with none exceeding the threshold value or 14 samples with one or none 
exceeding the threshold value indicates "no effect" at p = 0.2 in 20 percent of the 
samples. This approach requires the establishment of threshold values which are 
determined on a case-by-case basis. In general, residues reflecting an LCa level of 
exposure would seem to be a maximum acceptable effect concentration for a screening 
study. Ideally, for each species analyzed for residues, an LC,o would be determined in 
the laboratory. Then a group of animals would be exposed to an LC. concenttation to 
determine the mean threshold concentration of residues. Since this approach is 
impractical for a screening study. it is suggested that the mean residue concentration in 
bobwhite and/or mallams exposed to an LC. dietary concentration would provide an 
indication of threshold levels. 

The number and timing of collection periods must be considered and should be based 
on the persistence of the specific chemical under srudy. Where pel'Sistence in the field 
has not been adequately determined, it may be necessary to sample at regular intervals 
(e.g., days 0, 1. 3, 7. 14, 28, 56) to provide data on degradation rates. 

Behavioral Observations 

Observations of behavior sometimes can be an extremely imponant indicator of 
treatment effects. Such observations might include characteristic signs of toxicity or 
behavioral changes seen in test animals exposed to the pesticide in the laboratory. Other 
abnormal behavior (e.g .• tcni.torial males abruptly ceasing singing, birds not feeding. 
reduced avoidance of humans) also may be important. 

Density and ~iversity Estimates 

It is necessary to know the number of individuals and variety of species on and around 
a study site in order to indicale which species could have been exposed and to aid in 
evaluating the significance of monalities or other findings. In addition, preliminary 
information on density and diversity is necessary for site selection and to determine the 
size of study sites. Under some circumstances, comparisons of density estimates between 
tteatment and control sites, or between before and after treatments, may be used to 
indicate pesticide impacts. In general, the usefulness of these comparisons u limited in a 
screening study due to the relatively small acreage involved. If monality occurs, 
replacement from outside is likely to be so rapid that losses are replaced before censuses 
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are completed. Seasonal changes, such as migration. molt. or incubation, that can affect 
real or apparent densities, also must be considered. 

Several techniques may be used to estimate the density and diversity of wildlife 
species, including counts of animal signs, catch per wtit eff~ mark-recapnm:. and line 
transect sampling. (Appendix A provides references on the various techniques available.) 
Although the methods selected depend on the species of concern, for the screening field 
test line transect methods are likely to be the most useful for birds. 

The major advantage of line transect sampling is that it is relatively easy to use in the 
field once a proper sample of lines has been chosen. However, line transect sampling is 
not applicable to all species. particularly those that are not easily observed. Individuals 
using line transects must be extremely competent in species identification. 

In the line transect method. an observer walks a distance (L) across an area in 
nonintersecting and nonoverlapping lines. counting the number of animals si(lhted and/or 
heard (N), and recording one or more of the following statistics at the tune of first 
observation: 

- Radial distance from observer to animal; 

- Right-angle distance from the animal sighted or heard to the path of the 
observer; or. 

- Angle of sighting from die observer's path to the point at which the 
animal was first sighted or heard. 

Although the field procedures are simple, they must be understood adequately and 
implemented well to obtain good estimates of density (Burnham er al., 1980). 

Bumham et al. (1980) provide a thorough review of the theory and design of line 
transect sampling. This monograph should be reviewed for details along with other 
references listed in Appendix A. 

For mammals. density and diversity estimates from capture data may be the most 
practical for a screening study. There are several ways of estimating the populations from 
capture data. some relatively simple, that may provide adequate information for a 
screening srudy. Davis and Winstead (1980), as well as other references listed in 
Appendix A, review the various methods available, explaining their advantages and disad­
vantages. 

INTERPRETATION OF RESULTS 

The nwnerous variables involved in field studies makes a meaningful discussion of die 
interpretation of results somewhat tenuous, paniculady with the almost inexhaustible array 
of results rhal could occur. Each study must be considered unique and therefore will 
require a case-by-case analysis that incorporates not only the actual study but other 
relevant informalion that is available. There are a few points dW can be discussed 
however, tlw may be helpful when designing studies. 

In general, the results of die screening field study should provide information on acute 
poisoning and potential sublethal effects as suggested by enzyme. residue or other 
measurements. In addition. infonnation will have been developed on the density and 
diversity of species on the study sites as well as the sensitivity of the methods used. If 
no effects are detected, assuming that the methods used were adequate to detect levels of 
concern and that the species on the study site represent a good cross-section of the 
nonwget species expected to be at risk, the potential hazard indicated by lower tier tests 
is refuted. Unless other hazards (e.g., reproduction) are still of concern, additional tests 
would not normally be necessary. However. if an effect is detected on one or more study 
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sites at rates equal to or greater than concern levels, the hazard has not been refuted and 
additional tests may be necessary. 

In interpreting if an effect has occum:d in the context of the binomial approach, care 
must be employed not to assume a level of precision in results that does not exist. For 
some methods used in these studies, due to the inherent variability in the data collected to 
estimate the level of impact, panicularly when minimum sample sizes and areas are used, 
most detectable effects will exceed the concern level. In some instances in interpreting 
results it may be appropriate to use confidence limits of data collected ( or another 
measure of dispersion) to evaluate if concem levels are exceeded. For example when 
density estimates are used to estimate percent monality using the number of dead animals 
found during carcass searching, the upper and lower confidence limits of the density 
estimate may be more appropriate than the average, particularly when variability of the 
density estimate is high. Whatever method is used, when effects are detected that exceed 
concern levels they will be put into perspective in the context of the entire study as well 
as other available infonna.tion to detennine if or what additional data are needed. A "no 
pass" result does not necessarily mean that definitive field testing is automatically 
required. 

For example, a test may be run in an area where a species is abmdan~ yet on a 
specific study site their numbers may be sufficiently small that a single death exceeds the 
level of concern on that site. Statistically, such a finding would indicate that the study 
did not "pass" according to the binomial approach, and this would be the preliminary 
interpretation. However, if the other sites had an adequate number of mis species as well 
as other species expected to be at risk and no other signs of impacts are observed, the 
implications of the mortality would seem minor. On the other hand, if diversity of 
species were extremely limited, it would have greater significance. In other situations 
where the one dead bird is of a species with small numbers on most sites, but density and 
divenity of other species is representative of nontargets expected to be at risk, another 
screening study that looks at the species in which the effect was detected may be 
appropriate. Conversely, a screening study showing that there is appreciable mortality on 
most study sites may be sufficient for the Agency to consider regulatory action. 

In summary, the interpretation of results will go beyond the statistical evaluation since 
the Agency must consider all the factors and circuimtances peculiar to each test and site. 
The biological interpretation of results is, and probably always will be, a matter of 
scientific judgment based upon the best available data. In general, the judgmental aspects 
of biological interprewion are more important for definitive studies than for screening 
studies. Nevenheless, biological considerations often will be relevant to screening studies. 
Study conclusions must integrate that which is biologically significant with that which is 
statistically significant. 

Another consideration in the interpretation of results of a field study ,is the attribution 
of effects to the pesticide being studied. A well-designed study will include appropriate 
techniques to determine if an effect is caused by a pesticide. In the absence of such 
techniques. the Agency bu no choice but to consider that any effects were as a result of 
the pesticide use. As an example, measurement of 01E levels can provide information, 
since it is generally accepted that inhibition of 20 percent indicates exposure and 
inhibition of 50 percent or more indicates. in birds, that mortality is due to an inhibitor 
(Ludke et al., 1975). If the test chemical is the only cholinesterase inhibitor used in the 
vicinity of the study sire, it can be reasonably assumed that a mortality associated with 60 
percent ChE inhibition is due to the test chemical. However. if other CllE inhibitms are 
used near the site, additional information, such as residue meas~ments, may be 
necessary to attribute death to the specific ChE inhibitor being tested. 

Appendix D provides further discussion and examples of what is involved in planning 
and conducting a screening study. 
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DEFINITIVE STUDY 

OBJECTIVE AND SCOPE 

The definitive study is a relatively detailed investigation designed to quantify the 
magnitude of impacts identified in a screening study or from other information. In 
contrast to the screening study. which monitors mainly the proportion of the local 
population that is expected to be exposed, the definitive field study examines a sample of 
the entire local population in the treated area. Although a definitive study may be done 
when laboratory studies indicate a high potential for field mortality, it is more lilcely to be 
requested when there is evidence that actual field mortality has occurred. as in a screening 
study, or where reproductive effect5 are being investigated. The objectives of the 
definitive study are: 

- To quantify the magnitude of acute monal.ity caused by the application; 

- To determine the existence and extent of reproductive impainnent in 
nontarget species from the application; and 

- To determine the extent to which sUIVival is influenced. 

Due to the intense effort and time required to estimate these paramete.rs. the definitive 
study should be limited to one or a few species believed to be at the highest risk. If it 
can be shown that minimal (as defined at the onset of the study) or no changes occm in 
study parameters to high risk species, there is likely to be minimal potential. for adversely 
affecting other presumably low risk species from use of the pesticide in question. 

The definitive study. in addition to estimating the magnitude of effects of acute 
toxicants, al.so can be applied to estimating the magnitude of chronic or reproductive 
effects. Although we have emphasized chemicals that are acutely toxic. with few excep­
tions the discussion is applicable to chemicals that cause chronic effects. 

In gene~ the definitive study will provide limited insight into whether or not effects 
are within the limits ·of compensation for the species of concern. However. using the data 
collected in these studies. coupled with available infonnation on the species of concern 
and basic theories of population dynamics. the meaning of the observed effects on the 
species can be evaluated. 

SAMPLING AND EXPERIMENT AL DESIGN 

As indicated previously, the principles of statistical design of studies are well 
documented and it is beyond the scope of this document to cover the fundamentals of this 
topic. However, there arc a few points on this topic that warrant discussion relative to 
the definitive study. 

In the design of field studies, one must carefully consider what constitutes a sampling 
unit. Eberhardt (1978) points out that special problems are faced in designing 
experiments on wild animal populations. Study sites must be large in order to limit the 
influence of boundary effects, such as movements into and out of the area. Large study 
sites can be very expensive both in tenns of actually applying the experimental treatment 
and in the assessment of results. Eberhardt also states that numerous observations, even a 
full year of data. on a single study site may result in very sound values for that site. but 
do not provide a basis for inferences to other sites. Hurlben (1984) has discussed the 
problems associated with field studies where there was no replication or replicates were 
not statistically independent, which he tenns pseudoreplication. Of the field studies he 
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evaluated, 48 percent of those applying inferential statistics had pseudoreplication. 

Accotding to Eberhardt (1978), lack of replication seems to be based on the mistaken 
assumption that variances based on subsampling of sites (inttasite variability) are suitable 
bases for comparing treatment effects (intersite variability). 1bis. he believes, is not a 
valid basis for a statistical test, because it is the variance of sites that are treated alike that 
is relevant to a test of treaanent differences. Although subsampling of sites may be 
necessary to collect the data, it is the difference between sites that is imponant for 
analysis. 

An imponant point to consider in designing a definitive study is to be sure that the 
study will detect a substantial impact when, in fact, it occurs. In statistical terms this 
concept is referred to as the power of the test. Experience with "classical" experimental 
designs with random assignment of experimental "aeatment" and "conttols," has shown 
that the probability of a Type II error is generally high (unless very large numbers of 
replicates arc available). Eberhardt (1978) indicates that, all too often in field studies on 
impacts to wildlife, either by default or lack of 1D1derstanding, there is only a 50 percent 
chance of detecting an effect, which he likens to settling the issue by flipping a coin and 
doing no field study whatsoever. Since a definitive study is carried out wider the 
assumption that effects will occur, the Agency believes minimizing Type II errms is 
extremely imponant. 

As suggested above, the more generally used experimental designs require inordinately 
large sample sizes to obtain small Type n eJTors. For example, based on a coefficient of 
variation of 50 percent (a relatively homogeneous sample for the kinds of data collected 
in field studies; Eberhardt, 1976), a 20 percent minimum detectable difference between 
means, a Type ll enor of 0.2 and a Type I error of 0.0S, the number of replications 
required can be estimated as: 

where 

(Z1. a + Z1.,Y (CV'/ [1 +(1 -6)2] 
n= 

& 

n = number of replications 

Z,.a and z.1 are critical values of the 1D1it normal distribution 

CV = coefficient of variation 

6 = detectable mean difference expressed as the proportion of the 
control group me~. i.e .• 

6 = (µ.1 • µJ + µ1 

For the above example: 

n= 
(1.65 + 0.84)2 (0.S)2 (1 +(1-.2)1

) 

(.2)1 

n = 63.6 replicates 

Thus, for the above parameter, 64 replicates for both control and treatment groups, or 
128 total study plots. are required to detect a 20 percent difference between treatments 
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and controls with an 80 pen:ent chance of being sure to detect a real difference at a .OS 
level of significance. 

With mme sophisticated designs, the number of replicates can be reduced under some 
circumstances and still meet the Agency's aspiration to limit the probability of a Type II 
error to 0.2 with a detectable difference of 20 to 25 percent. For example, a paired plot 
design can be ~ substantially reducing the number of replicates :required. Pairing 
serves to reduce the effective coefficient of variation by reducing the variation attributable 
to experimental error. The lower coefficient of variation reduces the number of replicates. 
Then a quantitative difference or, preferably, a ratlo of treated to the total of tteated and 
conaol responses, can be analyzed statistically to rest for a treatment effect on the 
measured response variables (SAP, 1987). 

Toe logic of using pain:d plots is that, while no two areas are ever exactly alike, two 
areas that are not widely separated in space are ordinarily subjected to much the same 
climatic factors, have populations with about the same genetic makeup, and generally the 
two populations can be expected to follow much the same trend over time, apart from a 
pesticide effect (Eberhardt, 1976). Then. if all plots are approximately equal in area and 
habitat and population densities between pairs are similar, we are postulating that when no 
pesticide impacts occur, the mean ratio of treatment to treatment plus control will equal 
one-half. Then at-test or an exact randomization test (Edgington, 1980) may be applied 
to test whether the average number of survivors on the &reared ploa is equal to the 
average number of survivors on controls. 

lbe number of pairs required can be estimated using the following formula': 

where, 

4q, 

n = number of paired plots 

z1• 11 and Zi.. are critical Z scores 
q 1 = survival iatio 

P1 = monality ratio 
c = mean number of survivors on control plots 

lberefme, at an 80 percent assurance of detecting a natment-induced impact of 20 
percent or greater at a 0.05 leYel of significance if c= 28, 

4(.8) 
n = (1.65 + 0.84)1 

(.2)' (1 + .8) 28 

n = 9.84 

Thus. 10 pairs of plots (20 total) with a mean of 28 individuals per plot would be needed. 
Increasing the mean number of individuals per plot ~. causes a reduction in n. 

In some field situations, pairing may not be feasible. In these simations, other designs 
would be mme appropriate or less rigorous design may have to be used. However, in 

I See Appendix F fur development ol this formula. 
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planning field studies, one must be careful to consider the power of the study design to 
determine the limitations of the study. Studies with adequate replication are highly 
preferred to support registration; the use of less replication will not necessarily render the 
study inadequate. However, what is objectionable is to use a study with low power to 
imply no biological damage, when the study was not capable of detecting it if it occurred. 
In cases where large numbers of replicates are impractical. subjective and biological 
knowledge should be used in a decision process to decide if there was a treatment effect. 
In most instances, it is highly advisable to involve statisticians or biometricians who are 
familiar with this kind of field study in the planning and analysis phase of the field work 
to avoid costly technical errors. 

STUDY AREA AND SITE SELECTION 

Selection of geographical areas and study sites within the areas for the definitive test 
generally requires the same considerations as for a screening study. For the definitive 
study, however, the selected areas and study sites must have adequate populations of the 
species of concern. Obviously, the crop of concern must be grown on a representative 
portion of the area. Also, consideration needs to be given to whether the target pest 
species will be present. H it is not, one must consider what influence its absence may 
have on potential results. For example, if the pest is a major food source for nontarget 
species, its absence could significantly influence results. Finally, the potential variation in 
populations of concern over the geographical area(s) selected should be considered. It 
may be difficult to find sites that are sufficiently similar to provide pahed plots, which 
limits the coefficient of variation so that the desired sensitivity can be achieved. 

NUMBER AND SIZE OF SITES 

As suggested in the section on study design for the definitive test, the number of sites 
will depend upon the species density on sites and the sensitivity required. Ideally, sample 
size should be large enough so there will be an 80 percent probability of being sure to 
detect a 20 percent difference when it exists. The size of the study site must be large 
enough to provide adequate samples. The size depends on the survey methods used, sen­
sitivity required. and the density and range of the species of concern. For a paired plot 
design the number of sites required is a function of the average density of the species. 

In general, the breeding density of the species of concern can be used to provide a 
rough estimate of the size of area needed to provide adequate samples. However. 
preliminary sampling most likely will be required to verify the estimates. 

METHODS 

Essentially, the methods used in a definitive study are a means to quantitate 
reproductive and mOftality rates of animals on treatment and control areas. There are 
many texts and monographs available on methods of sampling to estimate these para­
meters (see Appendix A). Anyone not familiar with the theory and principles of the 
various techniques should review these references in depth. The objective of this section 
is to provide a general guide to the various methods that could be used in a definitive 
field study. In addition, these methods can be applicable to some screening studies. 

The methods to be used in an individual field study will depend on the nature of the 
identified concerns. Some methods are useful for investigating several types of concerns; 
and most types of concerns can be studied by several methods. When the concern 
becomes more specific (e.g., secondary hazards to raptors) or the use pattern and/or 
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habitat type is limited, the range of applicable methods tends to become more narrow. 

Methods described below are divided into three categories: methods for assessing 
monality and survival of adults and indeeendent juveniles, methods for assessing 
reproduction and smvival of dependent juveniles, and ancillary methods. The intent of 
this guidance document is to present methods that are likely to be useful in many 
situations, rather than an exhausttve list of all available methods. The Agency encourages 
the use of other methods when they are scientifically valid, and have a high probability of 
detecting an effect. 

While it is absolutely essential to have a detailed investigational plan that describes the 
selected actions (with contingencies) for achieving the study objectives, investigators must 
remain flexible because anticipated problems always come up in long-tenn studies. Even 
with highly experienced and resourceful field biologists, the most carefully planned 
studies can be compromised due to the unpredictability of wild animals and natural 
events. When a natural disasteJ' occurs early in the study, it may be wise to initiate the 
srudy again. If the event occurs after substantial data already have been collected (e.g .• 
early in the second year of a multiyear study), it may be more appropriate to extend the 
srudy an additional year or more to help provide for the additional needs. H the study is 
to be tenninated, dle repon should describe thoroughly the nature of rhe event(s) and its 
(their) consequences if they (it) affect the smdy iesulrs. 

MORTALITY AND SURVIVAL 

It is very important to understand the autecology of the species being studied in onler 
to select the most appropriate methods far investigating those species. In addition. the 
choice of panicular methods must consider the applicability of the method based on the 
pesticide use pattern and srudy site characteristics. 

Mark-Recapture 
There are several mark-recapture methods available, each based on the same basic 

premise. A sample of animals is captured. marked. released. and another sample is 
collected where some of the animals are captured again. The characteristics of this 
identifiable sample then are used to estimate population parameters. Mark-recapture 
smdies can provide information on: 

- Size of the population; 

- Age-specific fecundity rates; 

- Age-specific monality rates; 

- Combined rares of birth and inunigration; and 

- Combined rates of death and emigration. 

Seber (198l) reviewed the various mark-recapture methods and subsequent statistical 
analyses. Less detailed. but still very useful, reviews are provided by Caughley (1977) 
and Hanson (1967). Nichols and Pollock (l 983) provide a valuable comparison of 
methods. Table 2 provides a brief summary of some of the various marlc-recapmre 
methods discussed in these references. 

When considering the use of one of these mark-recapture models, one must carefully 
evaluate the applicability of the method to the circu111.1tances under consideration. While 
in theory mark.-recaptme techniques should be an excellent method for evaluating effects 
of pesticides on wildlife populations, some mark-recapture analyses are not particularly 
robust; small deviations from rheir implicit assumptions can produce large elTOlS in the 
results (Caughley, 1977). However, some of the more recent and sophisticated analytical 
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methods are robust and can deal with deviations from assumptions in closed populations 
(Otis et al., 1978). 

Mark-recapture methods are particularly useful for small mammals because these 
animals are seldom amenable to the visual and auditory observations necessary for using 
transect, territory mapping, or similar methods. However, mark-recapture also may be 
useful for birds provided a sufficient number of birds can be captured and marked. In 
some situations, biids may be "recaptured" with use of binoculars via visual observations 
of marked individuals. 

Method 

Peterson Method 
(Lincoln Index) 

Schumacher's 
Method 

Bailey's Triple 
Catch 

Jolly-Seber 
Method 

Table 2. 
Mark-Recapture Techniques. 

Applications / Requirements / Assumptions 

Estimation of population size. Usually only two sampling 
periods. Closed Population. 

Estimation of population size. More than two sampling periods: 
marking continues throughout sampling. Closed population. 

Estimate of binh rate and death rate in addition to population 
size. Requires data from two marking occasions and two 
recapturing occasions. Open population. 

Estimates monality and recruitment in addition to population 
size. Requires more than two sampling periods and that each 
animal's history of recapture be known. Open population. 

Animals must remain marked for the duration of the study. Typically, mammaJs are 
toe-clipped or ear-marked and birds are banded. Marking should not make the animals 
more susceptible to the effects of the pesticide (e.g., anticoagulants with toe clipping). 
Dyes may be useful unless they are lost by wear or molting. 

Territory Mapping Method 

A common spatial census method is territory mapping, wherein the territories of indi­
viduals are mapped before and after treatment, on both treated and untreated plots. The 
method is usually applicable when birds are defending territories. It involves a series of 
census visits to the study sites during which birds located by sight or song are recorded 
on a map. The information from all the visits is plotted for each species. Birds exhibi­
ting telTitorial behavior appear on the map as clusters of individual contacts. The clusters 
are used to estimate both the size and number of territories. The pre- and posttreatment 
censuses for treated sites are compared with the pre- and posttreatment censuses for 
control sites to determine changes in populations of territorial individuals that may be 
attributed to rhe pesticide (Edwards et al., 1979). Further details of this method am given 
by the International -Bild Census Committee (1970). and its application to evaluating 
impact caused by pesticides is reviewed by Edwards et al. (1979). 

Problems with this method can occur. Under some circumstances, replacement from 
outside the area can be so rapid that territories are refilled before the census is completed. 
There usually is a floating population of silent, non-teni.torial birds who may quickly 
reoccupy empty territories (Stewart, 19S1). Toe effects of replacement can be overcome 
for some species by capturing and marking the territorial individuals prior to treatment, so 
they can be distinguished from the floaters. Also. replacement may not be a problem 
when the study areas are in the center of a relatively large tteated area. 
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Radio Telemetry 

Radio telemetry can be an extremely useful technique to provide information on the 
effects of a pesticide application on nontarget species. As discussed for screening studies, 
radio telemetry can be used to monitor for monality as well as to provide useful 
information on behavioral modification caused by the pesticide application. The points 
discussed previously (for screening studies) generally are applicable to definitive studies. 
However, for the definitive study, the number of radio-tagged animals needed depends 
upon the variation between sites and the sensitivity required. For example, with behav­
ioral observation, intta- and inter-site variation will influence the number of radio-tagged 
animals required. In some instances, it might not be practical to radio-tag the number of 
animals requin:d to provide a rigorously designed study. Under these conditions, the 
limitations should be specified, and the maximum number of animals that can be 
practically radio-tagged and monitored should be used. 

Other Methods for Monality and Survival 

Other techniques for assessing density and diversity are discussed for screening studies; 
most of these, especially linetransect methods, are useful for definitive studies. Some 
methods, such as catch per unit effon or counts of animal signs, do not provide actual 
measmes of density but may still be used to compare effem on treated and wttreated 
plots. 

REPRODUCTION AND SURVIVAL OF DEPENDENT YOUNG 

Some of the techniques for assessing mortality and adult survival are also useful for 
assessing reproduction and survival of yowig. Some, but not all, mark-recapture methods 
can provide information on fecundity. Radio-tagging nestlings or suckling young of 
moderate and large size animals may be used to assess survival of dependent young. 
Radio telemetry and territory mapping are useful for locating dens or nests for further 
study. The following methods are more specific for assessing reproductive parameters. 

Nest Monitoring 

Nest monitoring is useful for evaluating the effect of pesticides on breeding birds. The 
typical procedure is to search the study site to find activ~ nests and subsequently to check 
those nests to determine their fate. Information collected on each nest should include 
number of eggs laid. number hatched, nwnber of young fledged, and if and when the nest 
was abandoned or destroyed, both before and · after pesticide application. While all 
definitive studies should consider this technique, ii also may be useful in screening 
studies. 

This technique is :relatively straightforward. However. ii may not be practical if nests 
ate scarce or otherwise hard to find. Because the breeding success of birds can be highly 
variable and can be quite low, it is sometimes difficult to obtain sufficient data on the 
success of the same species in enough sites to yield satisfactory results for statistical 
comparison with controls (Heinz et al., 1979). In some cases, artificial nest suucmres can 
be consaucred to inaease nest densities. In a few situations where sufficient numbers are 
available, the technique may be applicable to mammal den monitoring. 

Behavioral Observations 

Behavioral observations associated with reproduction can be quite useful, especially for 
birds. Techniques are simple, but labor intensive. When used. such observations most 
likely would be combined with nest monitoring since both techniques requin: locating 
reproductive sites. Typically, the frequency and duration of behaviors will be compared 
for treated and untreated plots. Incubation, parental care (especially feeding for altricial 
birds), and following behavior (for precocial animals) are behaviors that are particularly 
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birds), and following behavior (for precocial animals) are behaviors that are particularly 
amenable to such study. Courtship, mating, and nest building are other behaviors that 
could be studied in some siruations, but locating sufficient numbers of animals displaying 
these behaviors to pennit quantitative analysis is difficult. 

Age Saucture of Populations 

Comparisons of young-adult ratios of selected species between treated and untreated 
plots may indicate reproductive effects. 'The timing of the application and of breeding of 
selected species are critical. For assessing reproductive impairment or survival of 
dependent young, per se. the duration of this teehnique should be limited to single 
breeding-rearing periods, which may be repeatedly assessed. However, longer study 
periods that may even include several years can be used to assess the combination of 
reproductive success and age-specific monality, even if the two cannot be separated. 

Obviously. use of this method requires that the age of individual animals be 
determined. In some cases, it may be necessary only to distinguish among adults, sub­
adulrs, and juveniles. In mammals. this may usually be accomplished by examining 
pelage. development of testes or mammaries, or tooth eruption or wear characteristics. In 
birds, plumage or characteristics of particular (species-dependent) feathers may be used. 
For carcasses or sacrificed animals, the ossification of bones or development of 
reproductive organs are useful. In other cases, panicularly where comparisons are among 
populations in different years, it may be appropriate to distinguish age classes of adults. 
In mammals, tooth eruption, wear, or enamel layen. or eye lens weights are useful. It is 
more difficult to separate age classes of many adult birds, although overall plumage or 
feather characteristics can provide some indication. In some slow-maturing birds (e.g., 
gulls). plumage may be used to distinguish year classes of sub-adults. Additional details 
on aging birds and mammals are presented by Larson and Taber ( 1980). 

ANCILLARY METHODS 

At least some ancillary methods are essential in every field study. As used here. 
ancillary methods are generally of two types. Cenain of these methods are important for 
determining the nature or existence of effects or for establishing causal relationships. 
Others of dlesc methods do not address effects directly, but they provide imponant 
infonnation for interpreting die results of the study. 

Many of the methods for determining effects have been discussed for screening studies. 
Enzyme analysis, such as for cholinesterase inhibition, and observations of signs of 
toxicity can show that animals were exposed to or killed by a toxicant of a patticular 
type. Where it is possible that animals may be exposed to other pesticides of the same 
type (e.g., feeding in a nearby area treated with other pesticides), residue analysis in 
nomarget animals may be necessary to detennine which specific pesticide caused the signs 
or alterations in enzymes. Even though carcass searches, per se, are not recommended 
for definitive studies, it is still essential to recover and analyze any carcasses found 
accidentally or ~tained through radio-tracking. Residue and/or enzyme analysis of live 
animals collected will frequently be important. 

Among the other ancillary methods, analysis of environmental residues is crucial and 
will probably be necessary in nearly every definitive field study. As discussed for 
screening studies. the most imponant environmental residues are those that occur on or in 
wildlife food sources, which may include insects. plant pans, or even other venebrates, 
depending upon the species that are the primary focus of the investigation. The 
investigator should review the literature on food habits of the species being studied: often 
it will be appropriate to assess food habits on the specific study sites. panicularly where 
the literature is not adequate to define food habits in the agricultural ecosystem under 
study. Such an assessment should include the availability of food sources and the amount 
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mobile animals tlm spend only pan of the time in and adjacem to treated sites. The 
habitat should be thmoughly described to include both the morphology and species that 
me relevam to wildlife. Frequently, it will be important to locare and describe roosting, 
denning, or nesting sites for mobile wildlife that use trear.ed sites part of the time. 

INTERPRETATION OF RESULTS 

Each field study is unique, although some elements may be common among many field 
studies. When a definitive field study is required. the requirement is based on one or 
more specific concerns that pertain to a specific chemical and one or several use panems. 
Because of the substantial diversity in the types of proble~ to be assessed and the 
variety of available investigative methods, the key to understanding and interpreting a 
field study lies in the development of a sound protocol All protocols will contain a 
desaiption of the study sites. or the characteristics to be used in selecting sites within a 
given area, and the methods to be used in conducting the study. However, a well 
designed protoeol will go beymd this descriptive approach in three ways. 

First. the well-designed protocol will contain a restatement of the concerns to be 
addressed to ensure that there is an adequate undentanding of the Agency's position. 
Then the investigator should review the literature and other available information that may 
bear upon the problem. It is possible that the literature may contain a valid answer to the 
questions raised by the Afency. Far more likely, the literature may orient the investigator 
to address the concerns m a particular way. An example is provided by Hegdal and 
Blaskiewicz (1984) who conducted a study to address the Agency's concerns for 
secondary toxicity to barn owls (specifically) from the use of an anticoagulant bait 
proposed for use on commensal rodents in and around agricultural buildings. A review of 
the literature by these investigators indicated to them that 1) laboratory studies suggested 
a legitimate potential for secondary poisoning to exposed rapton, but 2) the food habits of 
ham owls consist primarily of microtine rodents in most areas, suggesting a low potential 
for actual exposme. Consequently. they designed their study to focus on bam owl food 
habits and movements, and included an additive to the bait formulation that would permit 
an identification of whemer or not the barn owls ate rodents that had fed on the bait. 
The study adequately demonstrated that actual exposme of bam owls was quite limited, 
and the proposed registration for this use was subsequently approved. By using the 
available literature on both the chemical and the panicufar species of concern. the investi­
gators were able to nurow the study while still providing sufficient information for 
evaluation. However, il should be noted thll this study was not adequate for evaluating 
the potential for secondary toxicity in the field to other predators that may have different 
food habits, or for other use patterns that may result in exposure to different predators or 
scavengers. 

Second, the well designed protocol will contain reasons why panicular methods are 
being used, including, 11 least qualitatively, the meaninJ that different results might have. 
For example. a protocol may include collection of .residues in non-target animals, but it 
also should include a statement of purpose and meaning for such collection. Residues 
may be used to indicate potential exposure to nontarget organisms through analysis of 
their food. exposure in nontarget animals as a result of eating contaminated food. or that a 
~ pesticide was likely to be the cause of any observed effects. The interpretation 
of results is faciliwed substantially by a statement of what is intended by using a 
particular technique. In the previously cited ex.ample from Hegdal and Blasldewicz 
(1984). it was clearly stated that collection of owl pellets was to assess general food 
habits and that use of a fluorescing dye in the bait was for the purpose of ascenaining 
whether or not the owls fed on commensal rodents that specif'ically had fed on the bait. 
The interpretation of the data collected. once the purpose was swed, naturally led to the 
conclusion of no significant exposure to the bam owls. 
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Third. the well designed protocol will contain an experimental design that will indicate 
how the results can be assessed quantitatively. The experimental design has been 
discussed in previous sections. but there are two facets that relate closely to the 
interpretation of results: the difference that can be detected between treated and untreated 
plots and the power (ability) of the design to detect this difference. Ideally, an 
experimental design with number of replicates based on an estimated coefficient of 
variation that closely approximates reality will allow the study to detect a stated concern 
level some prescribed number of times during the study time. Of course, the actual 
difference between treated and control IDlits is measured during the field study, but the 
design can form an initial basis for interpretation when combined with the available 
information on the species of concern. As a result. the well designed protocol should 
include a section on interpretation. 

Study methods for investigating acute monality are more straightforward than for other 
kinds of effects. Nevertheless. there are sufficient differences in the use of the data to 
preclude a constant interpretation. The stud1 may focus directly on the species of 
concern and may involve linle or no extrapolation, depending on such factois u the type 
and the extent of use. the available toxicity data base, and home range of the species; or 
extrapolation to other populations. regions. or uses might be necessary. If the species of 
concern cannot be studied directly. it may be necessary to extrapolate between species. 
involving interspecies differences both in toxicological sensitivity and in ecological and 
population parameters. 

The same kinds of considerations apply to reproductive impainnent and chronic 
toxicity. even dlough different. and often more laborious and costly. investigative methods 
aR: involved. Where reproductive success is impaired. information on species-specific 
variation in reproductive ecology is necessary to understand how a particular degree of 
impairment may relate to effects amonJ various species. Such reproductive considerations 
can include whether an avian species IS a determinate or indeterminate layer, the number 
of nestings per season for different geographic areas in the use pattern. the length of lhe 
refractory period. as well as the specific effect which can range from desauction of repro­
ductive organs to behavioral deficits such as nest abandonment. Considerations of 
reproductive ecology among diffeient species of mammals include delayed fertilization or 
implantation, resorption of embryos or parental infanticide due to stress. number of young 
per breeding cycle, etc. All of these factors, and many Others, are relevant to detennining 
for different species the extent of effects that could result in population reductions or lack 
of ability to recover. 

An analysis of whether or not a particular level of effect is going to affect wildlife 
populations is species-specific. For any species (or subspecies). the changes in population 
can be described very simplislically by the equation: rate of population increase (r) = 
bi..nh rate - death rate. where r can be positive (population growth) or negative (population 
reduction). Where the concem is for specific populations of a species. then immigration 
and emigration are also important. 1bese characteristics differ among species. and data 
will not always be available. 1be application of sound scientific judgment to the best 
available infonnation will be the basis for interpreting the results of a study. It may be 
necessary to compare the results of the field study to laboratory data. especially where 
laboratory data are available on a variety of species and/or effects and the field study has 
focused on species other than those of direct concern. The use of extrapolation 
techniques will be necessary where endangered species are of concem or where other 
species cannot be studied directly. 

Ideally. the Agency would like to be able to obtain a standardized result from a field 
study so that the result could be applied in a very consistent manner. As discussed in 
previous sections. the different effects and species of concern will vary and will require 
the development of specific protocols to address these factors. Although most of the 
various techniques have some degree of standardization. the field study may combine the 
individual techniques in a wide variety of ways to addn:ss specific concerns. A 
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standudized result might be attainable for the individual techniques. although that result 
would still have to be applied differently for various species. depending on their biology 
and ecological charactenstics. However, determining a result for the whole field study 
that would unequivocally lead to a statement of the degree of risk. while obviously 
desirable. u not currently practical. 
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SUGGESTED COMPONENTS OF A FIELD STUDY PROTOCOL 
for Submittal to EEB for Review. 

Adapted from Ripley (1980) 

I. Title 

II. Problem Definition 

A. A review and summaiy of the available information on the pesticide in 
relation to nontarget hazard, including use information. 

B. A precise statement of the goals and purpose of the study(ies) 
( objective(s)). 

C. A brief statement of the problem and the context in which it exists, 
specifying the limits of the proposed work (Scope). 

D. Precise statements of the major hypotheses to be tested. 

m. Methods and Materials 

A. A brief discussion of various methods and procedures that have been or 
could be used to evaluate the problem. This discussion should identify the 
strengths and weaknesses of each method or procedure discussed. 

B. Descriptions 

1. Identify the srudy area(s) selected and their general suitability for 
achieving the objectives of the study or what criteria will be used to select 
study areas. 

2. Identify the species present or expected to be present on the srudy 
area(s), discussing characteristics pertinent to the problem being evaluated. 

3. State the research procedures, designs and sampling plans to be used. 

a. Specify the kind and amount of data needed and to be sought. 

b. Describe in detail how all data are to be obtained, including details 
of application, instrumentation, equipment. sampling procedures, etc. 

4. Describe how the data are to be treated, including specifying what 
statistics are to be calculated, what models will be used, what tests of data 
will be used, etc. 

5. Describe in detail the methods to be used to check the sensitivity and 
accuracy. of the procedures used. 

6. Describe Quality Assurance procedures for application, instrumentation. 
equipment and records. 

7. Briefly describe the resources (people, facilities, etc.) to be. applied to 
the study. 
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CARCASS SEARCHES 

DESIGN 

In designing carcass searches. the following factors need to be known or determined: 

- Density of the species that are lilcely to be exposed. For example. 
granular products are most likely to result in exposure to ground-feeding 
animals; therefore. birds such as warblers or swallows should not be 
included in density counts for such products; 

- Probability of finding (a) dead animal(s) if any are killed. This is 
dependent on the probability of a carcass remaining on the study site (i.e .• 
not being removed by scavengers) and the probability of detecting a carcass 
if it remains on the study site (search efficiency); 

- Size of the search area; and 

- Number of carcasses found. 

These factors can be combined in the following formula: 

where 

N=DREAP 

N = number of carcasses found 

D = density in animals/acre 

R = proponion of carcasses remaining (nonremoval) 

E = search efficiency 

A = acres searched 
P = propottion of population killed 

Carcass searches should be used only when there is a reasonable potential to detect 
monality. If such mortality does occur, the carcass search should be able to detect it and 
therefore, carcasses should be found. It is recommended that carcass searches be designed 
so that at least two carcasses (N = 2) will be found if there is appreciable monality. In 
gene~ pieliminary sampling would be required to detemrlne these factors. However, 
infonnation from other field studies can be used in the planning stages to detennine if 
carcass searching would be appropriate for use under anticipated conditions and to assist 
in developing 1he study design. 

The sensitivity of the carcass search approach is equi-valem to the percent detectable 
kill of the population. To determine the sensitivity. the formula is adjusted: 

P= N 
OREA 

Since P is a proponion: 

percent detectable kill = P X 100 = N 
OREA X 100 

Obviously. if any of D, R. E or A are zero, the equation cannot be solved and the carcass 
search is not applicable (i.e., no density of birds, no acres searched, no carcasses 
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remaining, no remaining carcasses found). However. other combinations of D, R. E and 
A. such as low density and small acreage or low efficiency and high scavenger removal, 
can result in a small denominator meaning that mortality can be detected only when a 
high percentage of the population is killed. For example. in S a.ere fields with only 2 
birds/acre and R and E estimated at a moderate 0.S. only an 80 percent or greater kill 
could be detected. In such situations, it is necessary to increase one of the parameters to 
achieve a stated level of detectability or else to use methods other than carcass searching. 
The same equation can be used to estimate the minimum search area to detect a given 
monality level (P) by solving for A. 

SEARCH PROCEDURE 

In general. depending on the sensitivity of the search method relative to the habitat 
involved, conidors or plots should be selected. These areas should be searched 
systematically by walking predetennined routes until the area has all been covered. Due 
to the concentration required to find dead animals. other activities that could distract the 
searchers' attention should be avoided during carcass searching. In homogeneous 
situations, investigators should randomly select search areas. However, in most studies it 
is advisable to sttatify the sampling, concentrating efforts in areas frequented by wildlife 
species such as woods edges. ditch banks, field bomers. fencerows and other habitats 
where wildlife concentrate. 

DURATION 

Searches should begin on the day of application and continue on a daily basis for as 
long as monalities or other evidence of intoxication occur. In general, a week or two 
following application should be adequate. However, the length of time searches are 
continued should be related to how long lethal concentrations are expected to be present. 
Nonnally, the same areas should be searched each day. 

ESTIMATING EFFICIENCY OF CARCASS SEARCH 

Efficiency trials should be conducted periodically (minimum 3 times per srudy site) 
during the study to determine the proportion of carcasses tlw are detected. Just prior to 
the initiation of a scheduled search. carcasses of species representative of species found in 
the area should be variously placed within the search area If the study site includes edge 
habitat, carcasses should be pJaced in the edges as well as in the fields. In general, 
carcasses should be placed where animals would be most likely to die. depending on the 
nature of the chemical. Searchers should not be aware that simulated mortalities have 
been placed: however. they should be aware that these trials will occur during any 
scheduled semdl. 

The number of caa:asses placed should be approximately equal to 20 percent of the 
estimated density of species on the search area. All placed carcasses should be marked to 
distinguish them from actual kills. The location of placed carcasses should be mapped so 
those not found can be easily recovered following completion of that day •s search 
activities. since unrecovered carcasses could bias study results. For example, if a 
scavenger were to carry off a simulated kill and consume it at another location on the 
study site, the remains could be erroneously classified as pesticide-related if found. One 
potential way to avoid this problem would be to dip carcasses in & nontoxic substance 
that fluoresces under ulttaviolet light so that the remains could be identified. 
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ESTIMATING CARCASS REMOVAL RATE 

Carcass removal should be monitored to detennine local variability in scavenger 
activity. The density of both carcasses and scavengers can influence the rate of removal. 
Under some conditions, large numbers of carcasses may attract scavengers. In other 
situations a large number of kills may dilute removal rate due to limited number of sca­
vengers. Where it can be adequately documented that removal of cateasses occurs almost 
exclusively either at night or during the day, the timing of carcass searches may be 
adjusted to minimize the effects of removal. 

Carcasses planted in monitoring trials should simulate mortalities actually occurring 
from the pesticide. In most cases, small to moderate sized species such as starlings or 
blackbirds, or laboratory bobwhite or Japanese quail chicks may be used. Carcasses 
should be variously placed within the general study areas and monitored daily for at least 
S days m until 90 percent have been removed. Ideally, the number used should approx­
imate densities resulting from effects of the pesticide under study; however, in most 
instances, this will not be known. Therefore, a density of approximately 20 percent of the 
population of nontarget species on the area is recommended. 

Timing of carcass removal trials should be such that they do not affect scavenger 
removal of pesticide-killed birds or the feather-spots of the removed carcass could be 
erroneously classified as a pesticide kill. Location of placed birds should be recoJded on 
maps and may be marked in the field with small stakes or by other inconspicuous means, 
preferably at a fixed distance and direction from the carcass. · 
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EXAMPLES OF :METHODS AVAILABLE FOR INVESTIGATING 
PARTICULAR. IDENTIFIED EFFECTS 

Every field study must address specific concerns for a specific chemical in a specific 
use panem. lust as each chemical differs at least slightly from other chemicals, each field 
study is likely to differ at leut slightly from other field studies. It is impossible to 
provide thorough directions or methodology that will apply to all pesticides, including 
those yet to be developed. However, some of the kinds of infonnation required in field 
studies can be related to the types of concerns or effects that have been identified from 
lower tier testing or other information. Table D-1 provides a general list of methods that 
are most likely to be appropriate for addressing typical concerns. Following the table is a 
discussion of methods for two chemicals. For some pesticides and use panems, there 
may be more than one kind of identified concern; in such situations, the field study 
methodology should be able to address all of the identified concerns. 

One critical aspect of field studies is not considered in the following discussions. The 
kinds of techniques used for investigating effects ue less important than the validity of 
and within the methods for elucidating effects, including lower tier data. The use of 
every conceivable technique is ineffectual, not to mention very costly, if sites are 
inappropriate, application rates me low, sampling design will allow only a low probability 
of detecting an effect, exposure (or lack thereof) is not documented, etc. 

A second critical aspect is subjective. How accurately can the investigator predict the 
results of the field study or its various aspects? Using acute mortality as an example, if 
the investigator is nearly cenain that field monality will not occur (for whatever reasons). 
then a screening study would be not only appropriate, but also cost-effective. Conversely, 
if the investigator believes that there is a likelihood that mortality will occur above 
concern levels, then a screening study may be a waste of time and money, except that it 
might have utility as a baseline study for the fonhcoming definitive study. Similarly, the 
requirement for, or nature of, a field study may depend on the environmental 
concenttations, especially in or on wildlife food :resources. Although residue estimation 
techniques have fJequently been shown to be reasonably accurate, there are some situa­
tions where estimations are far from measured residues. If the investigator is genuinely 
confident that acmal residues are far less than estimated, to the extent that a requirement 
would be removed, then actual residue data should be obtained to provide a more cost­
effective measure of likely effects. But. as in the previous example. there is little point in 
obtaining such data prior to a field study if the investigator predicts that acrual residues 
will be similar ID estimated residues. 

EXAMPLE 1 

A cholinesten.se inhibiting ("irreversible") compound with the potential for causing 
mortality quickly after ingestion of environmentally relevant amoums. Avian reproductive 
tests show reduced productivity of young apparently as a result of parental toxicity, but 
no evidence of impainnent of other reproductive processes. 

Discussion- If the reproductive effect levels are above the environmental levels, this 
investigation would focus on acute monality. Unless there are several documented lcills 
from normal use, a screeninf study would be the likely approach. Such a study would 
be oriented towards both birds and mammals unless acute toxicity data indicate one of 
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Table D-1. 

Priority (!=highest priority) of field study methods for addressing different types of 
concerns or effects. 

Lethality1 Sublethal2 

Resource 
Chronic Loss] 

Method or (Food or 
Fast Delayed Acute Chronic Cover) 

Environmental Residues" 1 1 1 1 1 
N ontarget Residues" 2 1 1 1 
Density and Diversity' 1 2 2 3 1 

Enzyme Analysis 2 1 1 1 
Behavioral Obseivations 2 1 1 1 2 
Nest and Nest Box Monitoring 3 2 1 1 1 

Carcass Sean:;, 1 3 
Radio Teleme 2 1 2 2 2 
Mark-recapture 3 1 2 2 2 

Adult : Young Ratios 3 2 2 2 2 
Gross Histopathology 2 2 
Resource Survey 1 

FootnoleS 
' Lelhal responses may be fut Ce.a., onset of mOltality is lea thin 1 hour m labonlmy studies) or delayed (onset 12 tm. or 
m0111) or inlermediale. The same t.echniques are mefal. in general, for any type ol leahal iesponse except lhlll cmcass 
sean:hing is most useful wilb. fat-actina compounds (< 1 hour omet) and dec:reases an llbhty With slower aamg com­
pounds. Carcus IKllll'Chea .in of qaeaianable Yllidlay (wldl aception for aniqae limadons), when rhe cruet of monaUly is 
palCI' lbllll 12 houa. Convenely, allbouah ndio telaneay and mm-mc:aptvn techmqua may be uaefaJ for a fa11-ac:11ng 
compound. dley becoma increasmalY uaefal whlll lhe time-uMOXicily ii intmneduile and euenlull for delayed or c:momc 
letlm~ 

a Defined u a lllspana to a linale ar Rpeared applk:adan of a peaic:lde tlm llldDcel Che f"llrlllll of a non1arp1 oraanimn to 
llln'lYe. fflJIOdUee or rear YOUIII- Acale effedl may render m oqanilm more ~le lo predal:l.on, came nest 
ablnlonment or spon1meou1 llbonion, impair the lbilily ot adlalra to feat I.heir yc,ung. etc. OlnXlic effecu may be lilmlar 
in 1111&1rm ar Involve men IUbClll cfl'IN:II aa mpmcb:li.ve ,.,,...,..W, hul Ibey .. manifaled more lllowly. 

1 Loa of rellCllma, IIICb u ftOlllarp& aqm1. .. 1h11 provide food or cover for wildlife, l)'JliclDY de.a not pn,ride a basis 
for c:cmcmclinB &ld aadia. However. in m drc:llmlt.anca, plll1imlady whcm laqie GCIIUpoull ainaae ii lreaecl, effects 
on food OJ' COVIii' may b.a pacxamced and may w a field •udy. 

• Aa used m du &able. mviloumeotal mlidaes 111e111 raidues in soil. warer, wildbfe food rescJURlel, ecc. Nanr.pt miduea 
are lll08I lai.duel foand In wildlife (eilba' foand dead or oollecred live) Iha& may indicaae 1h11 tmdc: agera caulUII eff'ecu. 
In 1011Je ca--. u:b • whese-lhln i1 • concem for both pnmary and secondary tcwcsty, 1he - animal (e.1-, a - ar 
sparrow) may be pan of thl nona..- nsldae eol1ec:tlan ror delermining cawe of etrei:&s and allO pan of the IIIVUUUDental 
lll&idue collec:dm u a food IDUffle for & pndarm. II uil&ing c:llemic:al f■ie cla&a .. lnadeqwlUI to auea c:lmlgea in envi­
mnmmsal aaidua, Alllplina a& ■evcnl imanJI may be very useful. 

• All field llUdies maa pmvidll ■ome ducnplian of lhe apeaa, nambcn and lllll~ of ulilizalicn of IIDlllaJld wildlife auo­
aated WJlh lhe Sb1dy nte(s). Such a ducnpbOII ii essenual daring the 11te selec:bal process to ensure lhal the •ady can 
provide useful infomwion. This enay an Che llble refe:n lo delllllty and di.venuy eslinwes ltW an made dlmn& thl acma.l 
1t11dy and may be fairly p:nen1 (e.g., for die purpoae of detanunmg the si;r.e of the cucus lellldl ma) or fmly delalled 
(e.1., when the estimate■ aze used ID mmpare chan&• ID populmcns pre- and poa-applicauon or betWl!ell ~ areas and 
comroll). 

• ~y. a die mefuJnell of carcas aca:b111 far 1111e111111 lethality dec:reaea with longer lime-(0-fmicily for a 
pesucide, lhe Wilily of radio lelemeQJ and/or IPdc-nic:apwre methods increasea. Mm-mc:apan and radio rela11111ry 
nonnally W1B not bolb be UM in tbe ..... llllldy. Mark-recaplllre ii moat uaeful Wllh moclmalely comman lpec:181 widl 
low rnobibly (e.1., small m11D1111ala), whezNI ndao telemetly II moat meful for leu common or IIIClle mabile 1pcaa (e.1., 
rapton upecially, bat allO birds in pnmal and modlnra size mammals). 



IER,RESJBIAL flELP STJIPIFS Fite, Turner, Cook and Stunkard 

these taxa to be nmch less sensitive than the other. After sites are selected where there 
is an adequate abundance and diversity of wildlife. appropriate techniques would include: 

- Carcass searching for birds and mammals, cover pennitting. If carcass 
searching is not feasible for mammals or birds, mark-recapture or radio 
telemetry are useful alternatives. 

- Collection of environmental residues. 

- Cholinesterase assays to assess cause of mortality. supplemented by 
residue analysis if other cholinesterase inhibitors are used in the area. 

- Density and diversity estimates for use in calculating search area size and 
probability of detecting dead wildlife. 

If there is a question about the environmental levels, relative to reproductive effect levels, 
the collection of environmental residues during a screening study may permit an 
assessment of the potential reproductive effects in the field. H reproductive effect levels 
are lower than environmental concentrations as determined either by data collection during 
a screening study or through acceptable estimation techniques, men a definitive field study 
would be appropriate for assessing such effects. However, different approaches would be 
used depending, first, upon whether or not a screening study had been conducted and, 
second. the results of the saeening study. 

EXAMPLE 2 

A valid screening study showed no acute monality. Concerns would be focused on 
potential reproductive impairment in the field. Appropriate techniques should include: 

- Additional environmental residues. 

- Nontarget residues in live-collected wildlife. 

- Otolinesterase assay in collected wildlife. 

- Behavioral observations. particularly related to reproductive and 
nesting/parental behavior. 

- Monitoring of nest/dens or artificial structures to evaluate productivity 
relative to control sites. 

- For mammals, evaluation of young-adult ratios relative to control sites 
and/or pretreatment. 

- Depending on the use pattern and nature of the test plots, radio telemetry 
and/or mart-recapture techniques may be useful alternatives. 

A valid screening study indicated peater than the concern level for monality occurred 
over a stated percenr/sites. Concerns and techniques would be as above plus additional 
techniques sh'Duld be employed to determine the extent and imponance of acute monality. 

EXAMPLE 3 

- Quantitative density and diversity methods for treated (including nearby 
habitat) and control sites. 

- Mark-recapnue methods may be particularly useful for mammals. 
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- Radio telemetry has some disadvamages (primarily the number of 
organisms reQUired) for quantitative acute effects, but could be useful for 
this purpose it' already being used to investigate productivity parameters. 

EXAMPLE 4 

No screening study has been done. Environmental residues, either from actual data or 
from acceptable estimation techniques, exceed both acute and reproductive effect levels. 
If the actual existence of acute effects and the estimation of environmental residues are 
questionable, a scn::ening study may be useful, but. unless both residues are lower than 
reproductive effect levels and no monality is found, the screening study would have to be 
followed by a definitive study. Unless the investigator was quite confident that a 
screening study would be "clean" on both counts. it would be quicker and more cost­
effective to proceed dhectly to a definitive study. Since a definitive study for assessing 
reproductive effects is nearly always a multi-year study. the assessment of acute effects in 
the first year could be of the scn:ening type. If effects above concern levels are found, a 
more thorough assessment of acute effects may be made in the second and/or subsequent 
years. Appropriate teehniques for both acute and reproductive concerns have been listed 
above. However. because both concerns would be investigated at the same time, the 
investigator should consider carefully how these techniques can be combined in the most 
eff'icient manner. 

EXAMPLE 5 

An anticoagulant rodenticide causes mortality after a delay of one to several days 
(regardless of whether due to one or several feedings). In addition to nontarget mortality 
from primary exposure, there is a concern for secondary toxicity to predators or 
scavengers feeding on either dead or live target rodents. 

Discussion- Anticoagulants frequently have quite different toxicity to different taxa of 
wildlife. Concems for secondary toxicity may be based on reasonable scenarios or on 
known incidents of secondary poisoning and the concerns may be for a broad or narrow 
array of secondary consumers. If concerns are for one tax.on (e.g.. buteonid raptors or 
wild canids) and are based upon potential. rather than known effects. laboratory studies on 
secondary toxicity would be strongly recommended and should provide accurate 
information on residues in primary consumers as well as toxicity to the secondary 
consumer. Assuming that this laboratory study supports the potential for field effects and 
provides dose-response information (or a NOEL), the residues in primary consumers 
(equals secondary exposun: levels) are imponant in interpreting any field results. It is 
essential that any secondary toxicity field study include considerations of food habits of 
the secondary consumer. 

With regan:I to primary nontarget toxicity. it can be assumed that a rodenticide will 
kill nontarget rodents. and probably other nontarget mammals that ingest the toxicant. 
Birds, as primary consumers. may or may not be panicularly sensitive, but if extended 
laboratory studies indicate they are. they should be Included in the field srudy design. 
Except where the sensitivity of birds is equivocal, with respect to exposure. there is little 
point in screening studies for a venebrate toxicant; this example compound is designed to 
kill rodents. Appropriate techniques for this example compound include: 

- Behavioral observations. especially regarding food habits of consumen. 

- Residues in target and nontarget primary consumen and possibly 
secondary consumer. 
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- Mark-recapture for small nontarget mammals. 
- Radio telemetry for secondary consumers, larger nontarget mammals and 
birds; effects on birds could also be studied through density and diversity 
(i.e., census) methods or mark-recapture. 

- Insofar as possible, target and nontarget can:asses should be collected for 
analysis, bw systematic carcass searches are of little use when monality is 
delayed. 
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APPENDIX E 
TERRESTRIAL FIELD STUDIES, 
WHEN ARE THEY REQUIRED? 

GENERAL 

The Agency utilizes a tiered system of ecological effects (usually toxicity) testing to 
determine the potential risks of proposed pesticide uses to nontarget aquatic and terrestrial 
organisms. These tests are outlined in various subdivisions of the Guidelines with 
Subdivision E addressing the pesticide's effects to birds, mammals and aquatic venebrates 
and invenebrates; Subdivision J addressing nontarget plant effects; and Subdivision L 
addressing nontarget insect effects. However. the terrestrial toxicity or adverse effects, 
data usually available for risk assessments are as follows: 

Tier I 

Mammalian Toxicity Data 

Submitted in support of (human) toxicology data requirements (e.g., rat acute oral 
LD,o; acute dermal toxicity; 90-day feeding studies - rodent and nonrodent §'s 81-1 
through -7; 82-1 through -5: 83-1 through -4; 84-2 through -4; and §'s 85-1, 85-2 and 
86-1). 

Avian Toxicity Data 

Avian acute oral LD,., (upland gamebird or waterfowl species) (§71-1); Avian dietary 
LC,o (upland gamebird) (§71-2); and Avian dietazy LC50 (waterfowl species) (§71-2). 

Tier 2 

Wild Mammal Toxicity Data 

Generally, a dietary LC,., or acute oral LDm study with a non-endangered 
representative species that is likely to be exposed (§71-3). 

Avian Reproductive Studies 

Studies using upland gamebird and waterfowl species (§71-4). 

Special Studies 
Studies with specified avian or mammalian species such as nontarget mammalian 

reproducr:ion studies. avian acute dennal LD,.,, avian cholinesterase test. avian or 
mammalian secondary toxicity (§70-1). 

Tiers 3 and 4 

Field Tests 

Simulated and/or actual field testing with avian and/or mammalian species (§71-5). 

Preceding page blank 
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Test Species 

Toe typical mammalian and avian indicator species used in the toxicity tests above are 
the domestic rat. bobwhite quail, ring-necked pheasant and mallard duck. Other 
organisms such as conontail rabbits, voles and songbirds are sometimes used on a case­
by-case basis to address specific risks. Generally, those organisms, representative of areas 
where pesticide applications are likely to occur. are utilized (excepting endangered 
species). 

ECOLOGICAl../fERRESTRIAL RISK ASSESSMENT 

In order to detennine when terrestrial field studies are required to suppott a pesticide 
use proposed for registtation, the Agency must perfonn an ecological risk assessment. 
1bis process is composed of two major areas: an aquatic risk assessment and a temstrial 
risk assessmenL The Agency also assesses the risks to nontarget plants and to nontarget 
invenebrates (primarily, to beneficial insects such as honey bees). However. since the 
aquatic and, especially, the terrestrial assessments are the major detenninants of when 
terrestrial field studies are required, they will be discussed in detail here. 

Components of Ecological Risk 

The components of both the terrestrial and aquatic risk assessments can be presented as 
follows: 

Toxicological Environmental F.cological 
Hazards X Exposure = Risks 

or 

Effects (Toxicity) Exposure Estimates of 
Data X Data = EcologicaJ Risks 

Table E-1 breaks this relationship down funher to show the data and/or information 
utilized. 

As required by FIFRA, when the Agency performs an ecological risk assessment, it 
perfonns the terresuial and aquatic risk segments together. The terresttial assessment has 
the greatest impact on der.ennining when terrestrial field studies are required, but the 
aquatic segment is an imponant element that could show a need for such studies. For 
example, if a pesticide use provided for adverse impacts on aquatic food sources and the 
Agency estimated that such impacts could adversely affect nontarget terrestrial organisms. 
then a tenesaial field study might be required. 

A similar discussion, relative to adverse effects on wildlife habitat and terrestrial food 
items (e.g., invenebrates such as earthwonns, insects, slugs), can be presented. However. 
although the Agency tries to address these areas in its ecological risk assessment, the EPA 
focuses on the acute, subacute and/or chronic risks to mammals. birds and aquatic 
vertebrates and invertebrates via ingestion, dermal exposure, inhalation and/or aquatic 
exposure. It does not usually address adverse effects via loss of habitat or from loss of 
terrestrial food items unless endangered species are involved or catastrophic losses appear 
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Table E-1. 

The relationship between the components of ecological risk can be broken down to show 
the type information utilized: 

Toxicological Hazard Dara 

- Laboratory eco-toxicity 
data ( e.g., LD50, LC511 
and NELs) 

- Human Toxicity data (e.g., 
NEl..s, Chronic effects) 

- Field data (sometimes 
available) or, small 
pen avian and mammalian 
species 

- Pesticide incidents data 
(e.g., avian field 
kills) 

X Exposure Data 

- Physical and 
chemical 
properties 

- Chemical fate and 
transport data 

&ological Risks 

- Integration of data into 
Agency statement of risk 
for both endangered and 
non-endangered species 

- Nontarget organism and 
habitat information for both 
endangered and non-endangered species 

- Pesticide use information 

- Pesticide residues (estimated and/or actual) 

likely. based on Agency estimates or a body of data that shows that such losses are pos­
sible. 

The Agency does this because the largest and often times best, effects data base 
available is the toxicity/effects data for mammals, buds and aquatic vertebrates and 
invertebrates. As the state of the an improves, however, EPA will perform more 
ecosystem-level risk assessments utilizing the effects data for all ecosystem components. 

The frocess that usually generates the requirement for a tenestrial field study is the 
Agency s ecological risk assessment, especially its two major components the aquatic 
assessment and the terrestrial assessment. Figure E-1 is a schematic presentation of how 
the Agency moves from this assessment process to the field study requirement. 

The terresttial risk segment of the ecological risk assessment is usually the major area 
that "triggers" the requirement for a terrestrial field study. The terrestrial risk assessment 
process examines the potential risks of pesticide uses to non-human. nontarget terrestrial 
organisms; primarily, to nontarget mammals and avian species. Reptiles and amphibians 
are not necessarily ignored, but it is assumed that when birds and mammals are "pro­
tected," via Agency risk procedures and criteria. that some "protection" is afforded reptiles 
and amphibians. Further, as the state of the an of toxicity testing develops, other 
organisms, such as reptiles and amphibians. can be considered more accurately in the risk 
assessment process (Urban and Cook. 1986). 
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A Schematic Presentation of How EPA Moves from the Risk Assessment Process to Field 
Study Requi.n:ments. 

Terrestrial Risk 
Assessment 

Aquatic Risk 
Assessment 

Ecological Risk Assessment 

Agency Swement Assessing Ecological Risk From 
Uses Of Pesticide 

Agency's Regulatory Outputs: 

- Require Additional Data 
Tenesttial Field Study 

- Require Restticted Use 
Classiftcadon to Reduce 
Risk 

- Require Pesticide Use Restrictions 
On Label to Reduce Risk 

- Initiate Special Review Based On 
Risk Criteria 

- Recommend For Registration 

- Recommend Against Regism.tion 
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EXPOSURE DATA 

Under the exposme portion of the relationship. Toxicological Hazards X Environmental 
Exposure = Ecological Risks. the Agency examines five areas: 

PhysicaVChemical Properties 

The EPA requires that this information be submitted for all pesticides and. generally. 
the information of most value in the ecological risk process includes: color. physical swe. 
melting point, vapor pressure. density or specific gravity. solubility. dissociation constant. 
octanoVwater panition coefficient. pH, molecular weight and chemical sttucture (Urban 
and Cook, 1986). These data give the Agency an indication whether the pesticide is 
highly soluble. volatilizes readily. is related in chemical structure to other pesticide 
compounds, etc. 

Chemical Fate/fransport Data 
The data submined to the Agency and typically utilized in the risk process Includes: 

hydrolysis. photodegradation in water or on soil, metabolism studies. leaching ~tial, 
field dissipation (residue decline curves, metabolites) and bioaccumulation. Usmg these 
data the EPA estimates which potential exposures are likely: acute, subacute, chronic 
(reproductive) and/or secondary or, possibly, tertiary because of build-up in the food chain 
(Urban and Cook, 1986). 

Pesticide Use lnfonnation 

Generally, much of the pesticide use information is submitted by the pesticide 
applicant. However, the Agency also examines public literature that may provide 
peninent data (e.g .• the U.S. Depanment of Agriculture 0s Agricultural Statistics handbook) 
on the proposed use. Information that is factored into the terresttial risk assessment 
process includes: the type of formulation (granular, wettable powder. flowable, 
microencapsulated). type of appllcalion equipment (helicopter, plane. ground). crop 
acreages to be treated, amount of pesticide to be applied (amount per acre, low volume, 
high volume. ultralow volume (ULV)), timing of application (time of day, time of year). 
number of applications per season. intervals between applications. use site(s). target 
pest(s). inerts in the formulation and diluents, surfactants, adjuvants or stickers used. if 
any. 

Nontarget Organism/Habitat Information 

The Aaency. primarily through the use of its staff expertise. the public literature and 
conw:rs with the U.S. Fish and Wildlife Service (USFWS). the Office of Endangered 
Species (0.ES). State fish and game a1encies. academicians and orher experts in the field, 
determines the nontarget avian and mammalian species, including reptiles and amphibians. 
when possible. are likely to be exposed. Both non-endangered and endangered organisms 
are considered including: what species/habitats are exposed: what life stages are exposed: 
for how long does exposure occur: whether exposure is acute. intermittent or chronic; and 
what food sources may be contaminated. For federally listed endangered species the OES 
or the National Marine Fisheries Service (NMFS) is contacted via informal and formal 
consultation procedures. Documents, information and data are forwarded to OES (or 
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NMFS) during the formal consultation and the OES responds with a fonnal Biological 
Opinion identifying those endan~red species likely to be affected by the pesticide use 
pattem(s). This Opinion is reviewed by the EPA and recommendations, based on the 
opinion and relative to the pesticide use(s}. are developed by the Agency. It should be 
noted that every attempt is made by the EPA to protect federally listed (and. when 
possible, State listed) endangered species. 

Actual Pesticide Residues 

The Agency has access to up to four data bases for actual pesticide residues. These are: 

Chemical Fate/Transport Data 

Pesticide residues in the fonn of half-life estimates, actual measured residues and 
residue decline cwves are generally available in this daia package. Such data are 
submitted by the pesticide registrant and are reviewed and validated by the Agency. Said 
data are heavily utilized in the ecological risk assessment process. 

Residue Tolerance Data 

Actual residue data are required by the Agency for pesticides used on crops that may 
be consumed by humans and/or domestic animals (such as cattle) or on crops that may be 
processed into human and/or cattle food or feed items. Also, residues in/on fish and 
shellfish are required to suppon pesticides used in aquatic sites. These residue data, 
however, are usually of limited utility to the ecological risk assessment process because 
such data generally consist of residues detennined at the time of crop harvest and for crop 
items consumed by humans, but not necessarily by nontarget wildlife. These data are 
developed for use in the human risk assessment process; however, when possible, the 
Agency utilizes said information in its ecological risk assessment. 

Residues In/On Wildlife Food Items 

Occasionally, but rarely, data for pesticide residues in/on wildlife food ite~ such as 
insects, other invenebrates, seeds, pods, forage or nuts are submitted by the registrant to 
the Agency prior to the determination that a terrestrial field study is required. However, 
the Agency nonnally does not request such data until it determines that a terrestrial field 
study is needed to assess the risks. 

Public Literatwe 

Whenever possible. the Agency utilizes actual pesticide residue data found in the 
literature. Often. however, such data are lacking, panicularly residues in/on pertinent 
wildlife food items or they are not readily available because of time constraints in the 
pesticide review process. Funher, the previous three areas concerned residue data 
collected and submitted by the pesticide registrant. For this area the registrant may or 
may not, review the literature; it is n01 a requirement. but it is recommended. 

Summary 

The ecological risk assessment usually utilizes the residue data generated with the 
chemical fate and transpon data since these residues are the most readily available. Such 
data are used to determine the fate and transpon of the pesticide. Unfortunately, said data 
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me of limited value relative to wildlife food items. To address residues on wildlife food, 
the Agency develops estimates of residue levels. A discussion of how this is done is 
presented below. 

Estimated Residues 

The estimated acute terrestrial residues utilized by the Agency are those shown in 
Table E-2 and they are based primarily upon the works of Hoerger and Kenaga (1972) 
and Kenaga (1973). This residue profile provides a wom case scenario, that is, the 
maximum expected residues likely to be found in or on vegetation and/or invertebrate 
(insect) surfaces immediately after application. This approach maximizes acute hazard 
determinations because day-zero (the day of application) residues are utilized. 

Table E-2. 

Maximwn Expected Residues and Typical Residues of Pesticides on Differing Categories 
of Vegetation Types (from Hoerger and Kenaga. 1972). 

Residues (in ppm) for a Pesticide Dosage of 1 Lb/ Acre 

Immediately After Six Weeks After 
Application Application 

Upper Typical Upper Typical 
Plam Category Limit Limit Limit Limit 

Range Grass 240 12S 30 s 
Grass 110 92 20 1-S 
Leaves and Leafy Crops 12S 3S 20 <1 
Forage Crops 58 33 1 <1 
(Small Insects) 

Pods Containing Seeds 12 3 1.5 <1 
(Large Insects) 

Grain (Large Insects) 10 3 1.S <1 
Fruit (Large Insects) 7 1.S 1.5 <0.2 

The Agency considers this approach reasonable because; 1) in most instances actual 
residue data are lacking, 2) the data presented by Hoerger and Kenaga (1972) appear to 
correlate fairlJ well with those of other researchers, 3) the pesticides and crops considered 
by the authms cover those reviewed routinely by the Agency and 4) as mentioned earlier, 
the Agency makes every attempt to correlate these estimales with actual residue data on 
pertinent wildlife food items (Urban and Cook, 1986). 

In using this approach, the EPA: 

- Uses the extrapolation proposed by Kenaga ( 1973) which is that residues 
on insects can be estimated from residue data for plants, or plant parts, with 
the same surface area to mass ntio as the insects in question. For small 
insects the values for dense foliage (forage crops) are used; for large insects 
the values for pods, grain and even fruit can be utilized; 
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- Utilizes a quantity of pesticide per square foot approach for assessing the 
risks of baits. seeds or granules to nontarget organisms (e.g .• mg product/sq 
ft or number of seeds, baits or granules/sq ft); and 

- Recognizes that the upper limit residue values presented by Hoerger and 
Kenaga (1972) are in tenns of wet weight whereas most bird consumption 
values for the avian dietary LC50 studies are presented in teffllS of dry 
weight (When ap_propriate and logical, the EPA uses a factor of three for 
adjusting a dry-weight diet to an estimated wet-weight diet (e.g., LC50 + 3) 
as suggested by various authors.) 

For chronic residues. the EPA would correlate the available chemical fate and transpon 
data with the acute terrestrial EECs in an attempt to obtain decline curves for appropriate 
wildlife food items. Whenever possible, however, actual pesticide residue data would be 
utilized. 

TOXICOLOGICAL HAZARD DATA 

General 

The toxicological or effects data utilized in the hazard ponion of the terrestrial risk 
equation consist not only of the terrestrial toxicity data outlined previously. but also other 
data that prove to be pertinent to the Agency's tenestrial risk assessment. Such other data 
include freshwater (and. depending on the pesticide use pattern, marine/estuarine) 
venebrate and lnvenebrate toxicity data. nontarget beneficial insect effects data and 
nomarget plant effects data. These data can be acute, subacute and/or long tenn or 
chronic in nature; in most cases the data are developed in laboratory studies. For a full 
listing of the types of toxicity or effects data that can be required by the Agency the 
following should be consulted: 

- The various subdivisions of the Pesticide Assessment Guidelines; and 

- 40 CFR (158). Data Requirements for Pesticide Registration; Final Rule; 
Wednesday. October 24, 1984. 

It should be noted that the majority, if not almost all, of the toxicity/effects data 
utilized by the EPA are developed and submitted by the pesticide registrant. 
Consequently. the registrant has cenain statutory rights concerning citation of these studies 
and they cannot be used by other applicants without permission from or offering 
compensation to the owner. 

Study Reliability/Statistics 

Without goins into the actual study design of the different toxicity/effects studies, it 
can be said dW each -study. whether shon term (some are performed in 48 hours) or long 
term and highly complex (some are performed over weeks, months or even years), is 
critically reviewed by the Agency's scientific staff. The study"s acceptability, relative to 
good scientific practice and its ability to suppon the pesticide submission under Agency 
consideration, are determined. Funher, each study receives a statistical evaluation and, 
typically. only those data with the best statistical reliability are used in the ecological risk 
assessment process. (Note that, if studies are determined to be totally unacceptable, they 
are not used. Marginal studies may be used, but they are identified as such.) Also, the 
Agency has developed and continues to develop, Standard Evaluation Procedures (SEPs) 
for each kind of data that is required to suppon a pesticide submission. These SEPs 
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plCSCDt the procedures used to evaluate the toxicity/effects data submitted and ensure that 
comprehensive and consistent treatment of the science in the data reviews is maintained 
by Agency staff (Urban and Cook, 1986). 

INTEGRATION OF EXPOSURE AND TOXICOLOGICAL HAZARD 
DATA 

General 

Obviously, the critical step in any risk assessment is the integration of exposure and 
toxicological hazard data into a statement or conclusion concerning the risks to those 
organisms of concem when exposed to the items under study (in this case. pesticides). 
Generally, the reliability of the risk assessment is greater when the statistical reliability 
and scientific accuracy of the available data is high. For non-human, nontarget organisms 
the Agency makes every attempt to achieve such a desirable scenario. Unfortunately this 
situation is often not obtained because, typically, the Agency only has available: 

- A toxicity/effects data set that does not contain all of the required 
terrestrial studies. These studies might include: one avian acute oral LD50 
study. two avian dietary LCso studies and acute, subacute and/or chronic 
studies with domestic mammals. Two avian reproduction studies may be 
required in some use siruations. 

- A limited number of test species used in the 1aborat01y studies: e.g., 
mallard duck, bobwhite quail, ring-necked pheasant, rat, mouse, dog, guinea 
pig and rabbit. 

- A limited number of data points. Generally, only five or six 
dose/concentration levels are used in the acute studies to develop the LD50 
or LC50• 

- Laboratory results from lower-tiered terrestrial effects studies that are 
difficult to extrapolate to many field situations. 

- &ti.mated Environmemal Concentrations (EECs) rather than actual field 
residue data for pesticides. 

From this it can be seen that the Agency is often extrapolating from a situation of 
limited information to a "real world" that has multiple species. animal populations and 
endangered species that are sensitive to ecological perturbations. To perform such 
extrapolations. a link is needed between the observed laboratory effeets ( or 
pharmacological vulnaability) and the estimated field effects (or ecological vumerability) 
(Hudson er al., 1984). Terrestrial field smdies serve as the link. They are studies 
designed to derermme what effects. if any. occm under actual pesticide use conditions. In 
essence, the results of such studies either suppon or refute the Agency's estimates of field 
effects. 

Specific Extrapolative Techniques 

The actual integration process requires the Agency to carefully correlate the exposure 
and 1oxicological hazard data discussed above. Tenestrial EECs, actual pesticide residue 
data. the pesticide's physical and chemical properties, pesticide use information, chemical 
fate and transport data. and nontarget organism/habitat information are integrated with the 
available laboratory (and. possibly, field or pesticide incidents data) mammalian, avian 
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and aquatic effects/ toxicity data. Determinations on potential acute, subacute, secondary 
and/or chronic risks an: developed for both nonendangered and endangered nontarget fish 
and wildlife. Funher, conclusions concerning: labeling, use restrictions, classification of 
uses (e.g .. Restricted Use), the need for a Special Review, whether the product should be 
registered or not and the need for funher data (e.g., terrestrial field srudy) are made. A 
complete discussion of the Agency's extrapolative techniques for determining what field 
effects are likely based on effects observed in laboratory studies and using aquatic and 
teJTestrial EECs is presented in the EPA's SEP. Ecological Risk Assessment, EPA540/ 9-
85-001, June, 1986. Specifically. the terrestrial risk assessment procedures are presented 
on pages 29 through 52. For convenience and brevity those techniques will not be 
repeated here, but interested panies should consult that document. 

Dose-Response Curves 

An especially critical part of the toxicological hazard data set the Agency uses in its 
ecological risk assessment and for determining when terresttial field studies an, required is 
the dose-response curves developed for ID,JLC,o studies. In utilizing these curves. the 
EPA critically examines the study design of each ID,JLC,o study and perfonns a variety 
of functions including: 1) recalculating and verifying the statistical results (using, for 
example, Finney Probit), 2) examining closely the variability of the test results, particu­
larly the 95 percent confidence limits for the LD.,JLC50 values, 3) examining the observed 
and expected results closely at the 100 percent, 50 percent and 0 percent response levels 
and at the lowest effect level (LEL), 4) checking the slope of the dose-response cwve and 
5) noting the toxic symptoms and any sublerhal responses that occur during the srudy 
(AIBS, 1978). LD/LC values Other dlan the LD,JLC50 may be developed. but with the 
knowledge that: the most statistically precise value is the LD,JLC,o value; such extreme 
values as LD11,/ LC,0 or LD,JLC,, may not be accurar:e due to curvature of the dose­
response line; and specially designed studies are actually needed to determine accurately 
such extreme values (Heath et al., 1972; Hill et al., 1975; Hudson et al., 1984). 

The Agency also critically examines longer tenn dose-response curves in a similar 
manner. At most, however, only three data points are available: a no effect level (NEL), 
a low effect level (LEL) and a high effect level (HEL). 

"TRIGGERS" THAT REQUIRE FIELD STUDIES 

There are several specific conditions or criteria that "trigger" teirestrial field studies 
requirement. Considering the above discussion, it can be seen that a flexible, weight-of• 
evidence approach is used b_y the Agency to perform an ecological risk assessment and to 
determine when terrestrial field studies are required. Many factors muse be considered 
and integnted in die process. However, it is still possible to identify those conditions or 
criteria that must be met in order for a terrestrial field study to be zequired for a pesticide 
proposed for a particular use pattern. 

Toxicity 

The pesticide is acutely or chronically toxic to birds or mammals as shown by 
laboratory effects/toxicity studies. "Acutely" and "chronically" toxic are obviously relative 
tenns to be used with discretion. Generally speaking, certain classes of compounds me 
considered to be highly toxic to groups of organisms whereas others are not. For 
example, many organophosphates and carbamates are considered to be acutely toxic to 
avian organisms. The Agency recognizes these chemical characteristics and, therefore, 
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uses the renns "acutely" and "chronically" in a flexible manner with the belief that 
specific criteria to distinguish between "acute'' and "chronic" are inappropriate. 

Exposure 

Nontarget terrestrial organisms are likely to be exposed acutely and/or chronically to 
pesticide residues under actual field conditions. Specifically, nontarget organism, 
primarily avian and mammalian species, must be present in or adjacent to the treated 
areas. In essence, the likelihood of exposure for these organisms must be high. 

EECs 

Actual or estimated (tem:saial EECs) pesticide residues are present in the nontarget 
terrestrial organism's environment and are available to terrestrial organisms at levels equal 
to or greater than the acute and/or chronic lowest effect levels (LELs) observed in the 
laboratory effects/tOxicity stUdies for birds and mammals. 

Again, the Agency recognizes the limitations of using estimated residues, but does so 
only when peninent actual residue data are lacking. Relative to use of the LEI... the EPA 
notes that other criteria (e.g .• 1/Sth or 1/lOth of the LDm or LC,o) have been used in the 
past in ecological risk assessments. However. in an attempt to be flexible and hopefully 
to include chemicals that might be of potential conce?n, the Agency has chosen to use lhe 
LEL. An extteme example, but one that suppons this approach. would be a pesticide that 
caused blindness in test birds or mammals at the LEL Obviously, the Agency would bo 
seriously concerned with the potential rislcs to birds and mammals in the wild. 

Residues 

When the amount or duration of pesticide residues (as described above) increases 
relative to the acute and/or chronic effect levels observed in the laboratory effects/toxicity 
studies for mammals and birds, the Agency's ecological concems increase and the 
likelihood that a terrestrial field study is required increases also. 

This criterion is more open-ended, but it cmrewes exposure data on actual or estimated 
residues with toxicological hazud data. 

Acute Risks or Concerns- Although the EPA has no specific "cut-off" point (for an EEC, 
actual residue value or toxicological effect) that can be presented here, the following can 
be stated: 

Residue/Effect Level 

Residue < NEL 
NEL < Residue < LEL 

LEL < Residue < LDs/LC50 
LD,JLC,C, < Residue 
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Generally speaking, the Agency has minimal concerns when actual or estimated 
pesticide residues (that are acute or of shmt duration) are below the LEL (as determined 
in laboratory studies). As these JCSidues increase relative to the LD90 or LC50 values 
determined in laboratory studies, the Agency's ecological concerns increase and the 
likelihood of requiring terresttial field studies increases. 

In utilizing these ratios of residues to effect levels, the Agency must closely examine 
the acute dose-response curves developed in the laboratory acute effects/toxicity smdies 
for mammals and birds. As an example, the following three hypothetical acute dose­
response curves for A, B and C are presented to clarify the above and, panicularly, the 
situation when: I.EL < Residue < LD_,11.C,a: In Figure E-2: 

- Each dose-response line has the same LEL; but 

- Each dose-response curve (adjusted to a straightline via logs and probits) 
has a diffeient LD50 or LC,o; and 

- Each line has a diffel'ellt probir/log cycle or slope. 

For the sake of discussion. each line crosses the LEL at the same point (obviously. a 
highly unlikely situation), but the increases in numbers affected (in this case by mortality) 
relative to dose/concentration are markedly different. 

EFFECT 
AXIS 

LD,JLC30 

LEL 

Figure E-2. 

A B C 

RESIDUES 
--·------------ (ACTUAL or 

ESTIMATED) 

DOSE/ CONCENTRATION AXIS 

For the dose-n:sponse line (A) even small increases in dose/concentration result in 
significant increases in effect such that the LD,JLC50 is quickly reached. For line (B) the 
increases are more gradual and for line (C) they are even more gradual. &sentially then. 
greater increases in dose or concenuadon a.re requited to produce increased monality and 
to reach the LD50 or LC,0 for lines (B) and (C). The point of this discussion is to show 
that. if all other conditions are equal for (A). (B) and (C) (e.g., application rates, use sites, 
etc.), then, for acute risks, the dose-response becomes critical in determining when 
terrestrial field studies are required. Actual or estimated pesticide residues lying 
somewhere between the LEL and LD,o or LC,o (see example, as shown) would increase 
the Agency's ecological concerns and the likelihood that the terrestrial· field study 1s 
required, more for line (8) than (C) and even more for (A) than either (B) or (C). 
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Chronic Risks or Concerns 
For chronic risks or concems a terresaial field study is generally required when the 

pesticide residues (actual or estimated) equal or exceed the LEL. Because the LEL is 
usually an effect on a reproductive parameter and the potential for adverse population 
effects can be greater for chronic risks than for acute risks, the Agency is more conserva­
tive and requires the terrestrial field study in order to address the potential chronic or 
reproductive risks. Also, mitigation of chronic risks by label use restrictions and/or 
restricted use classification may not be as readily achieved as for acute risks. 

SUMMARY 

Residue / Effect Level 

Residue < NEL 
NEL < Residue < LEL 
L.EL < Residue < HEL 
HEL < Residue 

Is Terrestrial Field 
Study Required? 

No 
No 
Yes 
Yes 

A variety of factors must be considered in performing an ecological risk assessment 
and in determining when a terrestrial field study is required. A flexible. weight-of ... 
evidence approach is utilized in this process that can be represented by the relationship: 

Toxicological 
Hazard Data X Exposure 

Data = Ecological 
Risks 

However, four specific conditions or criteria (which. when met, "trigger" the requirement 
for a terrestrial field study). have been presented and discussed. These criteria are 
designed to be flexible and used with common sense and scientific integrity. Funher. it is 
intended that said criteria will handle nearly all pesticide use situations. panicularly those 
likely to impact on nontarget wildlife such as birds and mammals. It is also the Agency•s 
intention that said criteria. the ecological risk assessmem process and the terrestrial field 
stud).' will address the potential risks, both acute and chronic. to terrestrial amphibians. 
reptiles and endangered organisms. 
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PAIRED PLOT DESIGN 
BASIS FOR FORMULA FOR n PAIRS 

This section presents, in detail. the basis for the formula to detennine the number of 
blocks (pairs of plots) necessary to test the hypothesis that a pesticide has no shon-term 
effect on wildlife mon:ali.ty. 

Suppose we have n blocks, each with a treated plot and an untreated (control) plot. 
Assume that the "true" number of "individuals" on the i • control plot is C 1 , and that the 
"true" number of "individuals" on the i • treatment plot is T1 , for i = 1. 2, ... , n. Also, 
assume that T1 = q C I for each block, but that C I need not be constant for all blocks. 
The parameter q is the survival ratio. with its complement. p = 1-q, being the shon-term 
mortality ratio. For the totality of blocks, define parameters: 

C = (l: C 1 ) + n and T = (l: T1 ) + n, 

the means of the abundance (density) parameters C I and T1 , respectively. Clearly, 

T = qC. 

Next, postulate that an observed count of the number of individuals on any plot is 
subject to measurement error. That is. if c I and t • are the obselvations for' the i" block. 
each is a single value from an infinite number of repeated, independent attempts to count 
the number of individuals. Assume that possible values of c I and t I follow independent 
Poisson distributions such that the probability of observing a specific:: value for c 1 (or t 1 ) 

is a function of the abundance parameter C 1 (or T, ) for the plot1
• We may say that the 

variation of count for a plot is "locally Poisson." The mean and variance of a Poisson 
distribution are equal in value. For the totality of blocks, define the following statistics: 

c=l:c,, t=I.t 1 • c=c+n, and 'i'=t+n. 

From distribution theory, it is known that the distribution of a sum of independent 
observations from different Poisson distributions is also a Poisson distribution with a 
parameter equal to the sum of the parameters of the distributions whose observations are 
summed. Proof of this assmion is available in Kendall and Stuart (1977, pp. 280-281). 
and need not be presented here. Hence, c has a Poisson dism"bution with ~ter nC. t 
has one wilb a parameter of nqC, and w = c:: + t has one widl a parameter nC(l+q). 

At this point. we examine the condirional distribution of t, and also c, given a value for 
w = c:: + t. Note dm c, t. and w each have discrete distributions. Denote the following 
probabilities: 

P (c) - the probability of the event (value of) c, 

P (t) - the probability of the event (value ot) t. 

1 If y has a Poisson dlSlrlbutlon with a paramelllr 't, then the probability that y Is equal ID a value r may be eicp.-ed as 

p (y•r) - e't -{ + r! 
In thla formula, e • lbe bue ol the natural lopnthnu, and rf • tha faCIDrial of r. 
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P (w) - the probability of the event (value ot) w, 

P (c,t) - the probability of the event c and t, and 

P (tlw) - the probability of event t, given event w. 

P (c,t) is known as a joint probability, while P (tlw} is a conditional probability. 

Because of the assumption of independence of c I and t 1 • events c and t are also 
independent. Hence, P (c,t} = P (c) • P (t). By definition of a conditional probability, 

Since 

then 

P (tlw) = P (t,w) + P (w). 

P (t,w) = P (c,t), 

P (tlw) = P (c,t) + P (w). 

By substitution. we arrive Bl an intermediate result 

q• w! 
P (tlw) = --·--

(l+q) • c! t! 

Tilis may be rewritten as 

P (tlw) = 

an expression that is readily recogni7.ed as the probability function for a binomial 
distribution with parameters wand P = q + (l+g). We rewrite the equation as 

and note that w-t is c. 

Therefore. the conditional distribution of t, given w is a binomial mstribution. The 
limiting form of the binomial distribution with P near .S and large w is a normal 
distribution with ran equal to wP, and variance equal to wP(l-P). This result suggests 
that. by definmg = t + w, we may obtain an estimator of P that is normally distributed 
with mean 'P and variance equal to P(l-P) + w. This merely represents a simple linear 
transformation of the conditional binomial distribution of t. 

Suppose we test the null hypothesis He,: q=q0 with a level of significance equal to a , 
against an alternative hypothesis H1: q=q,. with power equal to 1-B, for q, < q0• 

Equivalent hypotheses are lie,: P=P0, and H1: P=I\, wilh P0 ='lo+ (l+qo) and P1 = q1 + 
(l+gJ. A critical value of-P,- may be designated as ,d to represent the point on the scale 
of P that divides the scale into two dlcision regions; values of P < i\ correspond to a 
decision to reject Ho, those where~> P,. to nonrejecti.on of Ho-

Now, Zx = <f>.-PJ + ,_jP0 (1-Po) + w and 

66 



TERRESTRIAL FIELD sruDIES Fite. Tumer. Cool and Stunkard 

z, .. = (Pd-Pl} + JP, (1-P;} + w 

are values of ~ 4 transformed to Z-scores with respect to the disaibution of ~ under the 
null and alternative hypotheses. In older to simplify our algeb~ we replace P J..1-P J by 
P1(1-PJ. This replacement makes linle difference for null and altemadve values of P 
relatively close to one another, and/or when w is relatively large with respect to Po(l-Pa). 

"' Solving each of these equations for Pd. and setting the results equal to each other. 
produces an equation for w, written as 

Since w = c + t = n (c + I), and on the average, c = C, and r = T = q C, we replace w 
by n c (l+qJ. The choice of q1 results in a slightly larger value of n. than if CJo is 
selected. Also, we substitute the following quantities: 

Finally, 

pi 
l 

4ql 
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